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PREFACE 408 

Endotoxin, a bacterial pyrogen also known as lipopolysaccharide, is an integral component of 409 

the Gram-negative bacterial cell membrane. Endotoxin directly interacts with host 410 

monocytoid cells to induce the release of a variety of proinflammatory cytokines (e.g., 411 

interleukin [IL]-1β, IL-6, tumor necrosis factor [TNF]-α). In addition to an initial febrile 412 

reaction, excessive release of these cytokines during Gram-negative bacterial sepsis can lead 413 

to multiple organ failure and death. For this reason, it is critical that parenteral 414 

pharmaceuticals, fluids for injection, medical devices, and human biological products be 415 

properly and accurately evaluated for the presence of endotoxin prior to their clinical or 416 

veterinary use. The original pyrogen test, the rabbit pyrogen test (RPT), was developed in 417 

1941 to limit to an acceptable level the risks of febrile reaction in the patient to 418 

administration of, or contact with, the product of concern. While the RPT continues to serve 419 

this purpose well today, an endotoxin test using an extract from the blood cells of the 420 

horseshoe crab (i.e., the bacterial endotoxin test [BET]) was developed in the early 1970's as 421 

an alternative to the RPT for the detection of this pyrogen. In 1980, the U.S. Food and Drug 422 

Administration published guidelines for use of the BET as an end product test for human and 423 

animal drug products. The U.S., European, and Japanese Pharmacopoeias currently recognize 424 

both test methods for pyrogen testing (i.e., RPT and BET). The BET is recognized for its 425 

sensitivity to the presence of Gram-negative endotoxins, but it has well documented 426 

limitations, including its inability to respond to non-endotoxin pyrogens, as well as its 427 

susceptibility to interference from certain types of materials (e.g., high protein and lipid 428 

levels; glucans). In contrast, the RPT is capable of detecting both endotoxin and non-429 

endotoxin pyrogens, but requires the need for interspecies translation from rabbits to humans, 430 

and is associated with animal welfare concerns that discourage animal testing.  431 

More recent efforts have focused on the development of an in vitro test system that combines 432 

the sensitivity of the BET with the wide range of pyrogens detectable by the RPT. With this 433 

intention, test systems based on the activation of human monocytes in vitro have been 434 

developed that take advantage of the role of these cells in the fever response. The European 435 

Centre for the Validation of Alternative Methods (ECVAM), a unit of the Institute for Health 436 

and Consumer Protection (IHCP) at the European Commission’s Joint Research Centre, 437 
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conducted a validation study to independently evaluate the usefulness of six in vitro 438 

pyrogenicity test methods. The study was financed by the European Commission within the 439 

5th Framework Programme of DG Research and recently published (Hoffmann et al, 2005). 440 

Since two tests based on THP-1 cell lines did not meet the validation criteria, they are not 441 

included in the peer review. During Summer 2004, the University of Konstanz (Germany) 442 

carried out catch-up validation studies of two tests using cryo-preserved blood (WB/IL-1) or 443 

blood cells (PBMC-IL6), the results of which were recently published (Schindler et al. 2006).  444 

Based on these studies, in June 2005, ECVAM submitted background review documents 445 

(BRDs) for five methods to the National Toxicology Program (NTP) Interagency Center for 446 

the Evaluation of Alternative Toxicological Methods (NICEATM) for consideration as 447 

replacements for the RPT. The proposed test methods were: 448 

• The Human Whole Blood (WB)/IL-1 In Vitro Pyrogenicity Test: Application 449 

of Cryopreserved Human WB 450 

• An Alternative In Vitro Pyrogenicity Test Using the Monocytoid Cell Line 451 

Mono Mac 6 (MM6)/IL-6 452 

• The Human PBMC/IL-6 In Vitro Pyrogen Test 453 

• The Human WB/IL-1 In Vitro Pyrogen Test 454 

• The Human WB/IL-6 In Vitro Pyrogen Test. 455 

For simplicity, the submitted studies are referred to collectively as the ECVAM validation 456 

study in this document.  457 

ICCVAM, which is charged with coordinating the technical evaluations of new, revised, and 458 

alternative test methods with regulatory applicability (ICCVAM Authorization Act of 2000, 459 

Public Law [P.L.] 106-545), unanimously agreed that the five submitted in vitro test methods 460 

should have a high priority for evaluation. An ICCVAM Pyrogenicity Working Group 461 

(PWG) was established to work with NICEATM to carry out these evaluations. The PWG 462 

consists of knowledgeable scientists from ICCVAM member agencies. The PWG functions 463 

include the review of draft test method BRDs, recommending proposed performance 464 

standards, identifying and recommending scientists for expert scientific review panels, 465 

preparing questions for expert or peer review panels, developing draft ICCVAM test method 466 
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recommendations regarding the usefulness and applicability of the alternative test methods 467 

for regulatory testing, and recommending necessary validation studies. ICCVAM and 468 

NICEATM also collaborate closely with ECVAM. Accordingly, an ECVAM liaison was 469 

designated for the ICCVAM PWG to ensure input and contributions during the evaluation 470 

and review process.  471 

NICEATM, which administers the ICCVAM and provides scientific support for ICCVAM 472 

activities, subsequently prepared a comprehensive background review document (BRD) that 473 

provided information and data from the validation studies for each of the five in vitro test 474 

methods. A request for any other data and information on these test methods was made 475 

through a 2005 Federal Register (FR) request (Available: 476 

http://iccvam.niehs.nih.gov/methods/pyrogen.htm), through the ICCVAM electronic mailing 477 

list, and through direct requests to over 100 interested stakeholders. No additional data or 478 

information was submitted in response to these requests.  479 

This BRD is publicly available on the ICCCVAM/NICEATM website (http:// 480 

iccvam.niehs.gov) or from NICEATM on request. Comments from the public and scientific 481 

community are welcome and will be provided to the panel experts and made available on the 482 

ICCVAM/NICEATM website (see FR notice TBD, published TBD, available at 483 

http://iccvam.niehs.nih.gov). The independent review of the usefulness and limitations of the 484 

five test methods will take place in a public meeting of the international expert scientific 485 

panel on February 6, 2007 at the National Institutes of Health campus in Bethesda, Maryland. 486 

The review panel’s independent report will be published and made available for public 487 

comment following the panel’s February meeting. The ICCVAM and the PWG will consider 488 

the report and public comments, and prepare final test method recommendations that will be 489 

provided to federal agencies and made available to the public. ICCVAM final test method 490 

recommendations are forwarded to U.S. Federal agencies for consideration, in accordance 491 

with the ICCVAM Authorization Act of 2000 (P.L. 106-545). 492 

We want to acknowledge the excellent cooperation and contributions from the many 493 

organizations and scientists who provided critical data and information necessary for the 494 

original ECVAM BRD and for the subsequent ICCVAM review. The efforts of many 495 

individuals who contributed to the preparation of the ICCVAM BRD are also gratefully 496 
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EXECUTIVE SUMMARY 517 

This draft Background Review Document (BRD) provides a comprehensive review of 518 

available data and information regarding the usefulness and limitations of five alternative in 519 

vitro pyrogenicity test methods. The test methods are:  520 

• The Human Whole Blood (WB)/IL-1 In Vitro Pyrogen Test: Application of 521 

Cryopreserved Human WB 522 

• An Alternative In Vitro Pyrogenicity Test Using the Monocytoid Cell Line 523 

Mono Mac 6 (MM6)/IL-6 524 

• The Human Peripheral Blood Mononuclear Cell (PBMC)/IL-6 In Vitro 525 

Pyrogen Test 526 

• The Human WB/IL-1 In Vitro Pyrogen Test 527 

• The Human WB/IL-6 In Vitro Pyrogen Test 528 

The test methods were reviewed for their ability to detect the presence of Gram-negative 529 

endotoxin when spiked into a variety of parenteral pharmaceuticals. The objective of this 530 

BRD is to describe the current validation status of the in vitro pyrogenicity test methods, 531 

including what is known about their relevance2 and reliability3, the scope of the substances 532 

tested, and the availability of a standardized test method protocol for each test method. 533 

The information summarized in this BRD is based on data contained in five individual BRDs 534 

submitted by the European Centre for the Validation of Alternative Methods (see Appendix 535 

A) to the National Toxicology Program (NTP) Interagency Center for the Evaluation of 536 

Alternative Toxicological Methods (NICEATM). The ECVAM BRDs were prepared 537 

according to the Interagency Coordinating Committee on the Validation of Alternative 538 

Methods (ICCVAM) Guidelines for the Nomination and Submission of New, Revised, and 539 

Alternative Test Methods (ICCVAM 2003) to allow for an independent scientific peer review 540 

                                                
2 The extent to which a test method correctly predicts or measures the biological effect of interest in humans or 
another species of interest. Relevance incorporates consideration of the "accuracy" or "concordance” of a test 
method. 
3 A measure of the degree to which a test method can be performed reproducibly within and among laboratories 
over time.  It is assessed by calculating intra- and interlaboratory reproducibility and intralaboratory 
repeatability. 
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panel to assess the validation status of the proposed test methods, and for agencies to assess 541 

the acceptability of the proposed test methods for providing useful information for hazard or 542 

risk assessment. Each ECVAM BRD summarizes the validation studies conducted with each 543 

in vitro pyrogenicity test method, which is in turn compiled into a single document in the 544 

current BRD, which compares and contrasts the five test methods.  545 

This BRD also summarizes available information obtained from published studies as well as 546 

additional unpublished data provided by ECVAM (see Section 9.0, Other Scientific Reports 547 

and Reviews). This section discusses in vitro pyrogenicity test method studies that could not 548 

be included in the performance analyses because of the lack of appropriate study details or 549 

test method results and/or the lack of appropriate in vivo rabbit pyrogen test (RPT) reference 550 

data. An online literature search for additional data and information on the proposed in vitro 551 

pyrogenicity test methods identified eighteen published studies that contained relevant data. 552 

ECVAM also provided additional unpublished data in response to a request for additional 553 

information related to the validation studies.  554 

The proposed in vitro pyrogenicity test methods are based on the measurement of 555 

proinflammatory cytokines (i.e., interleukin-1 [IL-1] or interleukin-6 [IL-6]), released from 556 

monocytoid cells contained in WB, from isolated PBMC, or from a monocytoid cell line in 557 

response to exposure to a pyrogen, namely, Gram-negative endotoxin. No data were provided 558 

from the validation studies supporting the usefulness of these test method for non-endotoxin-559 

based pyrogens.  560 

U.S. regulatory agencies were surveyed to determine whether any of the proposed test 561 

methods have been considered for regulatory use where submission of test data is required. 562 

General regulatory practice (e.g., in the US and EU) is to accept pyrogenicity test method 563 

data when product specific validation of the test method has been demonstrated. It was noted 564 

in the ECVAM BRD that the U.S. FDA has accepted data from the PBMC test developed by 565 

Novartis and Baxter Healthcare which, in conjunction with RPT and BET data, were used to 566 

support the safety testing of a single specific drug product (New Drug Application Number 567 

16-267/S-037).  568 
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Although there are differences among the in vitro pyrogenicity test methods based 569 

predominantly on the cell type used, there are some basic steps that are consistent across all 570 

methods as follows: 571 

• The test substance is applied to the specific human-derived cells used in the in 572 

vitro test method (i.e., mixed with a suspension of cells). 573 

• The test substance is incubated with the cells for a specified period of time 574 

• The concentration of pro-inflammatory cytokines (e.g., IL-1β, IL-6) is 575 

quantified via a cytokine-specific enzyme-linked immunosorbent assay 576 

(ELISA) by comparison to a standard curve 577 

• Using an endotoxin standard curve, the endotoxin content of the product is 578 

calculated 579 

• A product “passes” (i.e., is considered negative for endotoxin) if the endotoxin 580 

content is < 0.5 endotoxin units (EU)/mL. 581 

A total of ten parenteral pharmaceuticals were used for the determination of the sensitivity 582 

and specificity of the five in vitro pyrogenicity test methods. The ability of the in vitro 583 

pyrogenicity test methods to correctly identify the presence of Gram-negative endotoxin was 584 

evaluated using parenteral pharmaceuticals spiked endotoxin (WHO-LPS 94/580 [E. coli 585 

O113:H10:K-]). Each substance was spiked with five concentrations of endotoxin tested once 586 

in three different laboratories. As outlined in Table ES-1, this analysis indicated that 587 

concordance among the test methods ranged from 81% to 93%, sensitivity ranged from 89% 588 

to 97%, specificity ranged from 81% to 97%, false negative rates ranged from 3% to 27%, 589 

and false positive rates ranged from 3% to 19%.  590 

591 
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Table ES-1  Performance Analysis for Five In Vitro Pyrogenicity Test Methods1 591 

Test 
Method 

Concordance2 Sensitivity Specificity 
False Negative 

Rate 
False Positive 

Rate 
cryo 

WB/IL-1 
91.7%  

(110/120) 
97.4% 
(75/77) 

81.4%  
(35/43) 

2.6%  
(2/77) 

18.6% 
(8/43) 

MM6/IL-6 
93.2%  

(138/148) 
95.5%  
(85/89) 

89.8%  
(53/59) 

4.5%  
(4/89) 

10.2%  
(6/59) 

PBMC/IL-
6 

93.3%  
(140/150) 

92.2% 
(83/90) 

95.0%  
(57/60) 

7.8% 
(7/90) 

5.0% 
(3/60) 

PBMC/IL-
6 (cryo)3 

91.9% 
(136/148) 

88.8% 
(79/89) 

96.6% 
(57/59) 

11.2% 
(10/89) 

3.4% 
(2/59) 

WB/IL-6 
91.9%  

(136/148) 
88.8%  
(79/89) 

96.6%  
(57/59) 

11.2%  
(10/89) 

3.4%  
(2/59) 

WB/IL-1 
81.0%  

(119/147) 
72.7%  
(64/88) 

93.2%  
(55/59) 

27.3%  
(24/88) 

6.8%  
(4/59) 

WB/IL-1 
(96-well 

plate 
method)4 

92.8%  
(129/139) 

98.8%  
(83/84) 

83.6%  
(46/55) 

1.2%  
(1/84) 

16.4%  
(9/55) 

Abbreviations: cryo = Cryopreserved; IL-1 = Interleukin-1; IL-6 = Interleukin -6; MM6 = Mono Mac 6; PBMC = Peripheral 592 
blood mononuclear cells; WB = Whole blood 593 
1Based on results of 10 parenteral drugs tested in each of three different laboratories; samples of each drug were tested with 594 
or without being spiked with a Gram-negative endotoxin standard (0, 0.25, 0.5, 0.5, or 1.0 EU/mL).  595 
2Percentage (Number of correct runs/total number of runs)  596 
3A modification of the PBMC/IL-6 test method using cryopreserved PBMCs. 597 
4A modification of the WB/IL-1 test method using 96-well plates instead of tubes for the test substance incubation. 598 
 599 

It was not possible to make a direct comparison between the RPT and in vitro pyrogenicity 600 

test results without the availability of parallel testing data (i.e., same test substance tested 601 

using the in vitro and in vivo methods). Therefore, in vitro results that are discordant from the 602 

RPT could not be identified with these studies. Discordant results reflect a failure of the in 603 

vitro test method(s) to identify Gram-negative endotoxin spiked into a test substance at the 604 

threshold concentration (0.5 EU/mL) established based on historical data from the RPT. 605 

The limitations of these test methods have not been fully explored and identified. For this 606 

reason, pre-testing product specific validation will be necessary to establish if a particular test 607 

substance/material is appropriate for evaluation using these in vitro test methods. One 608 

identified limitation of the in vitro methods is the lack of data to determine their responses to, 609 

and suitability for, non-endotoxin pyrogens that are known to be detected by the RPT. 610 

However, an advantage to these in vitro test methods is that they are derived from human 611 

tissues, and thus avoid potential uncertainty associated with cross-species extrapolation.  612 
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Intralaboratory repeatability of each test method was evaluated by testing saline and various 613 

endotoxin spikes (0.06 to 0.5 EU/mL) in saline and evaluating the closeness of agreement 614 

among optical density readings for cytokine measurements at each concentration. Up to 20 615 

replicates per concentration were tested and results indicated that variability in OD 616 

measurements increased with increasing endotoxin concentration, but the variability was not 617 

so great to interfere with distinguishing the 0.5 EU/mL spike concentration (i.e., the 618 

threshold for pyrogenicity) from the lower concentrations. 619 

Intralaboratory reproducibility was evaluated using three marketed pharmaceuticals spiked 620 

with various concentrations of endotoxin. Three identical, independent runs conducted in 621 

each of the three testing laboratories, with the exception of the cryo WB/IL-1 test method4. 622 

All three possible combinations were compared (i.e., run 1 vs. run 2; run 1 vs. run 3; run 2 623 

vs. run 3) and a mean value calculated, intended to provide an overall proportion of inter-run 624 

agreement. Inter-run agreement between two runs within each laboratory ranged from 75% to 625 

100%, with mean values ranging from 83% to 100%. Agreement across 3 runs within a 626 

single laboratory ranged from 75% to 100%. Interlaboratory reproducibility was evaluated in 627 

two different studies in which each run from one laboratory was compared to all other runs of 628 

another laboratory. The proportion of equally qualified samples provided a measure of 629 

reproducibility. In the first study, three marketed pharmaceutical products were spiked with a 630 

saline control or various concentrations of endotoxin and tested three times in three different 631 

laboratories, except for cryoWB/IL-1, which was tested once in each laboratory in the catch-632 

up validation study. The agreement across the three laboratories for each test method ranged 633 

from 58% to 86%5, depending on the test method used and 92% for the cryoWB/IL-1 test 634 

method.  635 

In the second study, reproducibility was determined using the results from the ten substances 636 

used in the accuracy analysis. Each substance was spiked with five concentrations of 637 

endotoxin and tested once in each of three laboratories. The agreement across three 638 

laboratories for each test method ranged from 57% to 88%, depending on the test method 639 

                                                
4 The ECVAM cryo WB/IL-1 test method BRD states that there was no direct assessment of intralaboratory 
reproducibility because such an evaluation was performed in the WB IL-1 (fresh blood) test method, and the 
authors assume that variability is not affected by the change to cryopreserved blood. 
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used. The levels, and order of agreement among laboratories was the same for both studies; 640 

the WB/IL-1 test method showed the least agreement (57-58%) and the cryo WB/IL-1 test 641 

method showed the most (88-92%).  642 

As stated above, this BRD provides a comprehensive summary of the current validation 643 

status of five in vitro pyrogenicity test methods, including what is known about their 644 

relevance and reliability, the scope of the substances tested, and the availability of a 645 

standardized test method protocol for each test method. Data for these IVPT methods will be 646 

maintained for future use, so that these performance statistics may be updated as additional 647 

information becomes available.  648 

 649 

                                                                                                                                                  
5 However a modification of the WB/IL-1 test method (using 96-well plates for the test substance incubation) 
tested once in each laboratory resulted in agreement among laboratories of 83% to 92%. 
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1.0 INTRODUCTION AND RATIONALE FOR THE PROPOSED USE OF IN 650 

VITRO PYROGENICITY TEST METHODS  651 

1.1 Introduction 652 

1.1.1 Historical Background of In Vitro Pyrogenicity Test Methods and the Rationale for 653 

Their Development 654 

A brief summary of the historical development the five in vitro pryogenicity test methods 655 

was provided in Section 1.1.1 of each European Centre for the Validation of Alternative 656 

Methods (ECVAM) Background Review Document (BRD) provided to the Interagency 657 

Coordinating Committee on the Validation of Alternative Methods (ICCVAM), and is 658 

included in Appendix A6. This section includes supplementary information and provides a 659 

context for U.S. regulatory considerations.  660 

Pyrogenic substances increase body temperature by inducing leukocytes (i.e., neutrophils, 661 

monocytes/macrophages, lymphocytes) to release proinflammatory cytokines (e.g., 662 

interleukin [IL]-1, IL-6, and tumor necrosis factor-α [TNF-α]) that act as endogenous 663 

pyrogens (Dinarello et al. 1999). These pyrogenic substances may originate from a variety of 664 

biological or synthetic/manufacturing sources. They may also be released from 665 

microbiological organisms such as bacteria, viruses, and fungi during cell death or following 666 

immunological attack (i.e., cell damage or death due to a local or systemic immune 667 

response). One of the most potent pyrogenic materials is bacterial endotoxin, which is a 668 

component of the outer cell wall of Gram-negative bacteria. Pyrogens may also be found in 669 

processing and packaging materials, chemicals, raw materials, or equipment used during 670 

manufacturing of parenteral drugs or medical devices. The presence of endotoxins in 671 

otherwise sterile biological preparations such as parenteral drugs suggests the presence of 672 

current or past bacterial contamination. 673 

The U.S., European, and Japanese Pharmacopoeias currently recognize two test methods for 674 

pyrogen testing, the in vivo rabbit pyrogen test (RPT) and the in vitro bacterial endotoxin test 675 

(BET), commonly referred to as the Limulus amebocyte lysate (LAL) test. The BET is 676 

                                                
6 References to ECVAM BRD sections are in normal type to distinguish them from references to ICCVAM 
BRD sections which are in boldface type. 
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recognized for its sensitivity to the presence of Gram-negative endotoxins, but it has well 677 

documented limitations, including its inability to respond to non-endotoxin pyrogens, as well 678 

as its susceptibility to interference from certain types of materials (e.g., high protein and lipid 679 

levels; glucans). In contrast, the RPT is capable of detecting both endotoxin and non-680 

endotoxin pyrogens. However, disadvantages of the RPT include the need for interspecies 681 

translation from rabbits to humans, along with animal welfare concerns that discourage 682 

animal testing. 683 

An in vitro test system that combines the sensitivity of the BET with the wide range of 684 

pyrogens detectable by the RPT would be an obvious improvement for pyrogen testing. With 685 

this intention, test systems based on the activation of human monocytes in vitro were 686 

developed that take advantage of an increased understanding of the biological mechanisms 687 

responsible for the human fever reaction (Dinarello, 1999). Initial efforts focused on 688 

peripheral blood mononuclear cells (PBMC), which release proinflammatory cytokines when 689 

exposed to endotoxin (Duff and Atkins, 1982; Dinarello 1984). A number of similar test 690 

systems, using either whole blood, PBMCs, or monocytoid cell lines (e.g., MONO MAC 6 691 

[MM6], THP-1) were subsequently developed (Poole et al., 1988; Ziegler-Heitbrock et al, 692 

1988; Tsuchiya et al, 1980; Hartung and Wendel, 1996; Hartung et al, 2001; Poole et al, 693 

2003). Five test systems developed from human monocytoid cells were selected by ECVAM 694 

for prevalidation and validation studies with the intent of comparing their effectiveness for 695 

replacing the RPT and thereby eliminating the need for using rabbits for pyrogen testing. The 696 

results of these studies have been published (Hoffmann et al. 2005). The five tests selected 697 

were:  698 

• The Human Whole Blood/ IL-1 In Vitro Pyrogen Test Using Cryopreserved 699 

Human Whole Blood (cryo WB/IL-1) 700 

• An Alternative In Vitro Pyrogen Test Using the Human Monocytoid Cell Line 701 

MONO MAC6 (MM6/IL-6) 702 

• In Vitro Pyrogen Test Using Human PBMCs (PBMC/IL-6)7 703 

                                                
7 As indicated in the ECVAM BRDs for the WB/IL-1 and PBMC/IL-6 test methods, catch-up validation studies were 
conducted to evaluate the performance of the WB/IL-1 test method when using 96-well plates, and the PBMC/IL-6 test 
method when using cryopreserved PBMCs. The plating procedure (WB/IL-1) and the cryopreservation procedure 
(PBMC/IL-6) are the only differences in the test method protocols (see Appendix A). These modifications were not 
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• The Human Whole Blood/IL-1 In Vitro Pyrogen Test (WB/IL-1)5 704 

• The Human Whole Blood/IL-6 In Vitro Pyrogen Test (WB/IL-6) 705 

1.1.2 Peer Reviews of In Vitro Pyrogenicity Test Method Validation Studies 706 

The ECVAM-sponsored validation studies of each of these in vitro methods have been the 707 

subject of a recent formal peer review convened by the ECVAM Scientific Advisory 708 

Committee (ESAC). Two members of the ESAC served as co-Chairpersons for the review 709 

panel, which consisted of five additional U.S. and European reviewers. These reviewers 710 

assessed the ability of each test method to serve as a complete replacement for the in vivo 711 

rabbit pyrogen test (RPT). Subsequent to this review, the ESAC declared that, “these tests 712 

have been scientifically validated for the detection of pyrogenicity mediated by Gram-713 

negative endotoxins, and quantification of this pyrogen, in materials currently evaluated and 714 

characterized by rabbit pyrogen tests.” 715 

However, in their comments to the Study Management Team (SMT), two of the reviewers 716 

suggested that, because an adequate link between the in vitro pyrogenicity test methods and 717 

the RPT was not demonstrated, the validation studies fell short of providing a basis for 718 

recommendation of any of these methods as substitutes or replacements for the methods 719 

presently indicated in the U.S., European, and Japanese Pharmacopeias (i.e., the RPT and 720 

BET).  721 

This BRD was prepared for use by an ICCVAM Expert Panel following the review of these 722 

in vitro pyrogenicity test methods. Because individual BRDs for each method were provided 723 

by ECVAM, this ICCVAM BRD serves to combine common information, and references the 724 

appropriate sections of the ECVAM BRDs for specifics related to the individual test 725 

methods. The results and recommendations of the Expert Panel report, combined with the 726 

analyses presented in the ECVAM BRDs, will be used to support ICCVAM 727 

recommendations on the usefulness and limitations of each test method, the proposed 728 

standardized test method protocols, performance standards, and any additional studies 729 

considered necessary to further develop or characterize any or all of these test methods. 730 

                                                                                                                                                  

submitted by ECVAM as separate test methods, and are therefore not being considered as separate test methods in this BRD. 
However, where relevant, comparative information is provided (e.g., see Table 2-1 and Sections 6.1 and 7.2). 
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1.2 Regulatory Rationale and Applicability 731 

1.2.1 Current Regulatory Testing Requirements and ICCVAM Prioritization Criteria 732 

This section reviews and summarizes the extent to which the five ICCVAM prioritization 733 

criteria (ICCVAM 2003) apply to the in vitro pyrogenicity test methods under consideration.  734 

Criteria 1. The extents to which the proposed test methods are (a) applicable to 735 

regulatory testing needs and (b) applicable to multiple agencies/programs. 736 

Pyrogenicity testing is used by regulatory authorities primarily for end product release of 737 

human and animal parenteral drugs, biological products, and medical devices. The results 738 

from these assays are used to limit, to an acceptable level, the risks of febrile reaction in the 739 

patient exposed to the product of concern by injection and/or implantation. The current U.S. 740 

legislation requiring the use of pyrogenicity testing is set forth in the Federal Food, Drug, and 741 

Cosmetic Act (U.S.C., Title 21, Chapter 9). In addition, the U.S. Pharmacopeia (USP) 742 

maintains sterility requirements for pharmaceuticals that include pyrogenicity testing. As 743 

detailed in Table 1-1, the U.S. Food and Drug Administration (FDA) is the principal U.S. 744 

regulatory agency that requires pyrogenicity testing, with different Centers within the FDA 745 

regulating the affected products. The Center for Biologics Evaluation and Research, the 746 

Center for Drug Evaluation and Research, the Center for Devices and Radiological Health, 747 

and the Center for Veterinary Medicine require that human injectable drugs (including 748 

biological products), animal injectable drugs, and medical devices be tested for the presence 749 

of pyrogenic substances. Table 1-1 also shows the statutory protocol requirements used by 750 

each FDA Center, along with the comparable enabling legislation and statutory protocol 751 

requirements of the European Union (EU) member nations. 752 

753 
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Table 1-1 Summary of U.S. and European Legislation and Statutory Protocol 753 

Requirements for Pyrogenicity Testing 754 

Agency Regulated Products Legislation 
Statutory Protocol 

Requirements 
Non-Governmental 

Standards 
United States 

FDA-CBER Biological products 

FDA-CDER 
Human parenteral 
pharmaceuticals 

FDA-CDRH Medical devices 

FDA-CVM 
Veterinary 
pharmaceuticals 

- Federal Food, 
Drug, and 
Cosmetic Act 
(U.S.C. Title 21, 
Chapter 9) 

- 21 CFR 610.13 
- USP28 NF23<85> 
- USP28 NF23<151> 
- ISO 10993-11 

Europe 
EDQM 
EMEA 

Regulatory 
Authorities for 
Individual EU 
Countries 

Human/veterinary 
parenteral 
pharmaceuticals, 
biological products, 
medical devices 

- Council 
Regulation (EEC) 
230/9/93 
- Council Directive 
93/39/EEC 
- Council Directive 
93/40/EEC 

- EP5.0 2.6.8 
- EP5.0 2.6.14 

- ISO 10993-11 

Abbreviations: CBER = Center for Biologics Evaluation and Research; CDER = Center for Drug Evaluation and Research; 755 
CDRH = Center for Devices and Radiological Health; CFR = Code of Federal Regulations; CVM = Center for Veterinary 756 
Medicine; EDQM = European Directorate for the Quality of Medicines; EMEA = European Medicines Agency; EP = 757 
European Pharmacopoeia; EU = European Union; FDA = U.S. Food and Drug Administration; US =: U.S. Pharmacopeia 758 
 759 

Criteria 2. Warranted, based on the extent of expected use or application and impact on 760 

human, animal, or ecological health. 761 

The proposed test methods are intended to replace a method that is used extensively in 762 

pharmaceutical, biological product, and medical device development and registration (i.e., 763 

the RPT).  764 

Criteria 3: The potential for the proposed test methods, compared to current test 765 

methods accepted by regulatory agencies, to (a) refine animal use (decrease or  766 

eliminate pain and distress), (b) reduce animal use, or (c) replace animal use.8 767 

The two most common pyrogen tests presently used (i.e., RPT, BET) require the use of 768 

animals. The RPT is performed in rabbits that can be maintained and used for additional 769 

pyrogen tests. Although the in vitro BET is performed using haemolymph (the equivalent of 770 

                                                
8 Refinement alternative is defined as a new or revised test method that refines procedures to lessen or eliminate 
pain or distress to animals, or enhances animal well-being; Reduction alternative is defined as a new or revised 
test method that reduces the number of animals required; Replacement alternative is defined as a new or revised 
test method that replaces animals with nonanimal systems or one animal species with a phylogenetically lower 
one (e.g., a mammal with an invertebrate) (ICCVAM 1997).  
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blood) drawn from Limulus polyphemus (horseshoe crabs), which are subsequently returned 771 

to the wild, there is some mortality associated with the procedure (which requires 772 

approximately 20% of the animal’s total blood volume). The proposed methods will reduce 773 

and replace animal use because they rely on human white blood cells that can be obtained 774 

with minimal risk from volunteers, or a human white blood cell line that can be maintained 775 

by the test laboratory. 776 

Criteria 4: The potential for the proposed test method to provide improved prediction 777 

of adverse health or environmental effects, compared to current test methods accepted 778 

by regulatory agencies. 779 

Sufficient data are presented to allow an assessment of the performance of the proposed test 780 

methods relative to the RPT (see Section 6.0). Because these methods are conducted using 781 

cells of human origin, one might assume that they would better reflect the human 782 

physiological response than current, non-human-based methods (i.e., RPT, BET), and thus 783 

more effectively predict adverse effects. 784 

Criteria 5: The extent to which the test method provides other advantages (e.g., reduced 785 

cost and time to perform) compared to current methods. 786 

Specific costs for the various tests have not been provided, and therefore such a definitive 787 

determination cannot be made. Because the proposed test methods are reportedly more labor-788 

intensive than the RPT or BET, the costs may be greater. These costs, however, may be 789 

offset by the costs of maintaining an animal facility for the rabbits used in the RPT. The 790 

possibility of adapting the proposed methods to high throughput procedures may make them 791 

more cost effective.  792 

1.2.2 Intended Uses of the Proposed In Vitro Pyrogenicity Test Methods 793 

The proposed test methods are intended as an end product release test for the identification of 794 

pyrogens in human and animal parenteral drugs, biological products, and medical devices. 795 

Results from pyrogenicity testing are used to limit, to an acceptable level, the risks of febrile 796 

reaction to the injection and/or implantation of the product of concern. 797 
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1.2.3 Similarities and Differences in the Endpoints Measured by the Proposed Test 798 

Methods and the In Vivo Reference Test Method 799 

The endpoint measured in the in vitro pyrogenicity test methods is release of 800 

proinflammatory cytokines, either IL-1β or IL-6, in response to a test substance challenge, 801 

depending on the specific cell type employed. The RPT involves measuring the rise in body 802 

temperature evoked in rabbits by the intravenous injection of a test solution. Although there 803 

is no direct association between the endpoints measured in the in vitro blood cell assays and 804 

the in vivo rabbit assay, cytokine release is involved in the development of the inflammatory 805 

response, which can lead to an increase in body temperature. Therefore, the in vitro release of 806 

proinflammatory cytokines, such as IL-1β and IL-6, is intended to presage the onset of such a 807 

cascade of responses resulting in a fever response. The cell types used for the various in vitro 808 

methods include those that would be directly associated with an inflammatory response (i.e., 809 

monocytes/monocytoid cells) in vivo. Both the in vitro and in vivo tests provide quantitative 810 

data that can be applied to specific decision criteria to identify a pyrogenic reaction. 811 

1.2.4 Use of the Proposed Test Methods in an Overall Strategy of Hazard or Safety 812 

Assessment 813 

As detailed in Table 1-1, there are current U.S. and European regulatory requirements to test 814 

pharmaceutical products, biological products, and medical devices for pyrogenicity. The 815 

pyrogenicity tests that are currently acceptable to regulatory authorities require intact animals 816 

(rabbits) or an in vitro test that requires the use of horseshoe crab haemolymph (BET). 817 

According to ECVAM, the in vitro human blood cell test methods are intended to replace the 818 

RPT for the identification of pyrogens where: (a) the test material is incompatible with the 819 

BET; or (b) the test material contains a non-endotoxin mediated pyrogen (although as 820 

detailed in Section 3.0, only Gram-negative endotoxin was included in the validation study, 821 

suggesting that other types of pyrogens have not been adequately validated – see Section 822 

1.1.2)9.  823 

                                                
9 Additional information on testing of other types of pyrogens was also provided by ECVAM and is included in 
Appendix B. 
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1.3 Scientific Basis for the In Vitro Pyrogenicity Test Methods 824 

1.3.1 Purpose and Mechanistic Basis of the In Vitro Pyrogenicity Test Methods 825 

The proposed methods are intended to identify pyrogens in parenteral pharmaceuticals, 826 

medical devices, and human biological products. These methods provide an in vitro model of 827 

the initiation of the human fever response by measuring proinflammatory cytokine release 828 

(i.e., IL-1β or IL-6) from human monocytes/monocytoid cells exposed to pyrogens. These 829 

proinflammatory cytokines are associated with the initiation of the in vivo fever response. 830 

1.3.2 Similarities and Differences of Modes of Action Between the In Vitro Pyrogenicity 831 

Test Methods and the Fever Response in Humans and/or Rabbits 832 

As detailed in Section 1.2.3, each of the five proposed in vitro test methods do not measure 833 

actual fever induction, but use proinflammatory cytokine release (i.e., IL-1β or IL-6) from 834 

human monocytoid cells as an indicator of the presence of a pyrogenic substance. By 835 

comparison, the RPT involves measuring the effect of concern, i.e., a change in body 836 

temperature in rabbits over a specified time period following an intravenous injection of a 837 

test substance.  838 

Proinflammatory cytokines such as IL-1β and IL-6 have been characterized as endogenous 839 

pyrogens that are released from monocytoid cells in response to the presence of endotoxin 840 

and other pyrogenic substances, and have been associated with the fever response induced by 841 

pyrogenic substances in both humans and rabbits (Dinarello et al. 1999). The pyrogenicity of 842 

endotoxin is believed to be mediated through activation of the Toll-like (TLR-4) receptor on 843 

the blood cells. TLR-4 activation induces the mitogen-activated protein kinase (MAPK) 844 

signal transduction cascade, which activates proinflammatory cytokine expression. There is 845 

no direct evidence that circulating cytokines penetrate the blood-brain barrier, but it is more 846 

likely that they produce effects on the rich vascular network or circumventricular organs of 847 

the hypothalamus, or induce release of other effectors from endothelial cells (e.g., 848 

prostaglandins such as PGE2) that increase levels of neurotransmitters (e.g., cAMP) which 849 

modulate the thermoregulatory center of the hypothalamus and induce a fever response. 850 

(Dinarello 1999; Beutler and Rietschel 2003).  851 



Draft In Vitro Pyrogenicity BRD: Section 1 01 Dec 2006 
 

1-9 

As indicated above, the proposed in vitro test methods use human cells whereas the RPT and 852 

BET procedures use rabbits and horseshoe crab haemolymph, respectively. Although the 853 

relative sensitivities of each species to Gram-negative endotoxins vary, the responses of 854 

humans, horseshoe crabs (via haemolymph gelation), and rabbits to these pyrogens have been 855 

studied extensively, and test methods based on blood products or blood cells from each of 856 

these species appear to be capable of responding to pyrogens (Cooper et al 1971; Greisman 857 

and Hornick, 1969; Hoffman et al. 2005). However, there are documented cases of medicinal 858 

products, interfering substances, and specific pyrogenic substances that yield false-positive or 859 

false-negative results in either the RPT or BET tests (Carlin and Viitanen 2003, 2005; 860 

Moesby et al. 2000; Hartung et al. 2001; Ochiai et al. 2001).  861 

1.3.3 Range of Substances Amenable to the In Vitro Pyrogenicity Test Methods and 862 

Limits of These Methods 863 

The proposed methods are intended to be used for the identification of pyrogenic substances 864 

in parenteral pharmaceuticals, biological products, and medical devices. Because they are 865 

based on isolated human monocytes/monocytoid cells, they are considered capable of 866 

detecting both Gram-negative endotoxin and non-endotoxin-based pyrogens. While Section 867 

9.0 summarizes a number of published studies that have measured cytokine release following 868 

exposure to non-endotoxin pyrogens (e.g., lipoteichoic acid), the ECVAM validation studies 869 

focused specifically on Gram-negative endotoxin due to the unavailability of standardized, 870 

non-endotoxin pyrogens  (see Section 3.0). Because these test methods measure the release 871 

of proinflammatory cytokines, test substances that modify this response (e.g., anti-872 

inflammatory or immunosuppressant drugs) are considered inappropriate for testing. Each 873 

test protocol includes an interference test for identifying such substances so that they can be 874 

excluded from testing. 875 

 1.4 Validation of the In Vitro Pyrogenicity Test Methods 876 

The ICCVAM Authorization Act (Sec. 4(c) mandates that “[e]ach Federal Agency … shall 877 

ensure that any new or revised … test method … is determined to be valid for its proposed 878 

use prior to requiring, recommending, or encouraging [its use].” (Public Law [P.L.] 106-879 

545). 880 
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Validation is the process by which the reliability and relevance of an assay for a specific 881 

purpose are established (ICCVAM 1997). Relevance is defined as the extent to which an 882 

assay will correctly predict or measure the biological effect of interest (ICCVAM 1997). For 883 

the in vitro pyrogenicity test methods described in this BRD, relevance is restricted to how 884 

well the assays detect the presence of Gram-negative endotoxin. Reliability is defined as the 885 

reproducibility of a test method within and among laboratories and should be based on 886 

performance with a diverse set of substances that are representative of the types of chemical 887 

and product classes that are expected to be tested and the range of responses that needs to be 888 

identified. The validation process is designed to provide data and information that will allow 889 

U.S. Federal agencies to develop guidance on the development and use of in vitro 890 

pyrogenicity test methods for the detection of Gram-negative endotoxins. 891 

The first stage in the evaluation of a new test procedure is the preparation of a BRD that 892 

presents and evaluates the relevant data and information about the method, including its 893 

mechanistic basis, proposed uses, reliability, and performance characteristics (ICCVAM 894 

1997). This BRD summarizes the available information on each of the five in vitro 895 

pyrogenicity test methods listed in Section 1.1.1.  896 

Where adequate data are available, the qualitative and quantitative performances of the 897 

assays are evaluated, and the reliability of each new method is compared with the reliability 898 

of the other methods and the currently accepted method. This BRD will aid in identifying 899 

essential test method components that should be considered during the development and 900 

validation of the various methods, and determine whether there are sufficient data to support 901 

a recommendation that a standardized protocol be developed for use by the regulatory 902 

agencies. 903 

1.5 Search Strategies and Selection of Citations for the In Vitro Pyrogenicity BRD 904 

NICEATM conducted an online literature search for relevant information on the proposed 905 

test methods using multiple internet databases (i.e., PubMed, SCOPUS, TOXLINE, Web of 906 

Science). Specifically, records were sought using various combinations of the terms in vitro, 907 

WBC, whole blood, PBMN, MONO MAC6, MM6, endotoxin, LPS, pyrogen, LAL, BET, 908 

IL-1, and IL-6. This search was conducted to supplement and update the list of peer-reviewed 909 

publications related to in vitro pyrogen testing that was provided in the ECVAM BRDs. U.S., 910 
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EU, and Japanese pyrogenicity test guidelines were obtained from relevant regulatory 911 

agencies via the internet or through direct requests. A resulting database of 315 references is 912 

currently maintained as an EndNote® v8.0 electronic file. This database confirmed that the 913 

lists of references included in the ECVAM BRDs are complete and up-to-date.  914 
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2.0 IN VITRO PYROGENICITY TEST METHOD PROTOCOL 915 

COMPONENTS 916 

2.1 Overview of How the In Vitro Pyrogenicity Test Methods Are Conducted 917 

Although there are differences among the in vitro pyrogenicity test methods considered in 918 

this BRD, the basic procedural steps are consistent across all five methods: 919 

• Interference testing is performed to verify that a test substance does not 920 

interfere with either the cell system used or with the specific cytokine-specific 921 

enzyme-linked immunosorbent assay (ELISA). 922 

• The test substance is mixed with a suspension of human-derived blood cells 923 

and incubated for a specified period of time (i.e., 16 to 24 hr). 924 

• The concentration of the specific proinflammatory cytokine (e.g., IL-1β, IL-6) 925 

is measured using an ELISA, and is compared to the response curve of an 926 

endotoxin standard 927 

• An internationally accepted endotoxin standard derived from Escherischia 928 

coli (E. coli) (i.e., WHO-lipopolysaccharide [LPS] 94/580 [E. coli 929 

0113:h10:K-]), or an endotoxin standard that has been calibrated against this 930 

standard, is used to generate the standard response curve for the assay. The 931 

endotoxin activity of a test substance is calculated by comparing the induced 932 

cytokine release with that induced by the endotoxin standard. 933 

• A product “passes” (i.e., is considered negative for endotoxin pyrogen 934 

activity) if the cytokine response to the test substance is less than that induced 935 

by 0.5 endotoxin units (EU)/mL. 936 

2.2 Description and Rationale for the Test Method Components for Proposed 937 

Standardized Protocols 938 

The standard operating procedures (SOP) for each method assessed in the ECVAM 939 

validation studies are provided as appendices to each BRD (see Appendix A of each BRD). 940 

As indicated in Section 2.1, the essential principles of each protocol are common among the 941 

five methods reviewed. These include isolating and/or culturing human monocytoid cells 942 
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(either included in whole blood, separated as a fraction [i.e., PBMCs], or as cell line [i.e., 943 

MM6]), performing interference testing with each substance, treating the cells in suspension 944 

with a test substance, collecting cytokine release data, and evaluating the data in relation to 945 

the proposed prediction model. Table 2-1 provides a more complete comparison of the 946 

similarities and differences among the five test protocols. No rationale was provided by 947 

ECVAM for use of the particular primary blood cells in the various test methods; in such 948 

cases, their selection is justified by historical use. The use of the MM6 cell line was justified 949 

based on mechanistic considerations and its response to endotoxins.  950 
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Table 2-1 In Vitro Pyrogenicity Test Method Components 951 

 Test Method 
Component 

WB/IL-11 cryo WB/IL-1 WB/IL-6 PBMC/IL-61 MM6/IL-6 

Source of cells  Human whole blood Human whole blood Human whole blood Human whole blood 

MM6 cell bank (original 
cell line maintained by 
Prof. H. Ziegler-Heitbrock, 
U. Munich) 

Laboratory equipment 

• Incubator (37°C, 5% 
CO2,) 

• Adjustable pipetters (2-
2000 µL) 

• Multichannel pipetter 
(8- or 12-channel) 

• Serological pipets 
• Pyrogen-free tips 
• Centrifuge  
• Vortex mixer 
• Heparinized blood 

tubes 
• Pyrogen-free 

hypodermic needles 
• Pyrogen-free microfuge 

tubes OR 96-well plates 
(depending on tube or 
plate method) 

• Microtiter plate reader 
(450 nm and 600-690 
nm) 

• Data analysis software 

• Incubator (37°C, 5% 
CO2, Laminar flow 
hood (recommended) 

• Adjustable pipetters (2-
2000 µL) 

• Multichannel pipetter 
(8- or 12-channel) 

• Pyrogen-free tips 
• Centrifuge  
• Vortex mixer 
• Pyrogen-free tissue 

culture plasticware 
(e.g., flasks, 96-well 
plates, centrifuge tubes) 

• Microtiter plate reader 
(450 nm and 600-690 
nm) 

• Data analysis software 

• Incubator (37°C, 5% 
CO2, humidified) 

• Laminar flow hood 
(Class II) 

• Centrifuge 
• Water bath  
• pH meter 
• Microtiter plate reader 

(450 nm and 600-690 
nm capable) 

• Data analysis software 
• Adjustable pipetters (2-

2000 µL) 
• Multichannel pipetter 

(8- or 12-channel) 
• Heparinized blood 

tubes 
• Pyrogen-free pipet tips 
• Vortex mixer 
• Pyrogen-free 

hypodermic needles 
• Pyrogen-free tissue 

culture plasticware 
(e.g., flasks, 96-well 
plates, centrifuge tubes) 

• Incubator (37°C, 5% 
CO2, humidified) 

• Inverted microscope 
• Hemacytometer 
• Laminar flow hood 

(Class II) 
• Centrifuge 
• Water bath  
• pH meter 
• Microtiter plate reader 

(450 nm and 600-690 nm 
capable) 

• Data analysis software 
• Adjustable pipetters (2-

2000 µL) 
• Multichannel pipetter (8- 

or 12-channel) 
• Heparinized blood tubes 
• Pyrogen-free pipet tips 
• Vortex mixer 
• Pyrogen-free hypodermic 

needles 
• Pyrogen-free tissue 

culture plasticware (e.g., 
flasks, 96-well plates, 
centrifuge tubes) 

• Incubator (37°C, 5% 
CO2, humidified) 

• Inverted microscope 
• Hemacytometer 
• Laminar flow hood 

(Class II) 
• Centrifuge 
• Water bath  
• pH meter 
• Microtiter plate reader 

(450 nm and 600-690 
nm capable) 

• Data analysis software 
• Adjustable pipetters (2-

2000 µL) 
• Multichannel pipetter 

(8- or 12-channel) 
• Pyrogen-free pipet tips 
• Vortex mixer 
• Pyrogen-free tissue 

culture plasticware (e.g., 
flasks, 96-well plates, 
centrifuge tubes) 

Materials required 

Culture medium None - whole blood is 
diluted with 0.9% NaCl 

RPMI Complete Medium 
• RPMI 1640 (part of the 

Endosafe Kit for 
cryoblood)  

• no specific additives 
needed 

None - whole blood is 
diluted with 0.9% NaCl 

RPMI Complete Medium 

• RPMI 1640 
• HSA 
• L-Glutamine (2 mM) 
• Penicillin/streptomycin 
 

RPMI Medium2 
• RPMI 1640 medium 
• HIFCS (10% or 2%) 
• L-glutamine (2mM) 
• MEM non-essential 

amino acid solution (0.1 
mM) 

• HEPES (20 mM) 
• Bovine insulin (0.23 

IU/mL) 
• Oxaloacetic acid (1 

mM) 
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 Test Method 
Component 

WB/IL-11 cryo WB/IL-1 WB/IL-6 PBMC/IL-61 MM6/IL-6 

• Sodium pyruvate (1 
mM) 

 

Other reagents  

• Validated IL-1β ELISA 
kit 

• 0.9% NaCl (pyrogen-
free) 

• Water for injection 
• Endotoxin standard 

• Validated IL-1β ELISA 
kit 

• 0.9% NaCl (pyrogen-
free)  

• Water for injection 
• Liquid nitrogen 
• Endotoxin standard 

• Validated IL-6 ELISA 
kit  

• 0.9% NaCl (pyrogen-
free) 

• Water for injection 
• Endotoxin standard 

• Validated IL-6 ELISA kit  
• 0.9% NaCl (pyrogen-

free) 
• Water for injection 
• Trypan blue 
• Endotoxin standard 

• Validated IL-6 ELISA 
kit  

• 0.9% NaCl (pyrogen-
free) 

• Water for injection 
• Trypan blue 
• DMSO 
• Endotoxin standard 

Dose selection procedures 

Interference testing 
performed to determine 
the lowest dilution of the 
test product necessary to 
achieve an acceptable 
endotoxin spike recovery 
(i.e., 50% to 200% 
recovery)3 

Interference testing 
performed to determine 
the lowest dilution of the 
test product necessary to 
achieve an acceptable 
endotoxin spike recovery 
(i.e., 50% to 200% 
recovery)3 

Interference testing 
performed to determine 
the lowest dilution of the 
test product necessary to 
achieve an acceptable 
endotoxin spike recovery 
(i.e., 50% to 200% 
recovery)3 

Interference testing 
performed to determine 
the lowest dilution of the 
test product necessary to 
achieve an acceptable 
endotoxin spike recovery 
(i.e., 50% to 200% 
recovery)3 

Interference testing 
performed to determine 
the lowest dilution of the 
test product necessary to 
achieve an acceptable 
endotoxin spike recovery 
(i.e., 50% to 200% 
recovery)3 

Endpoints measured IL-1β release via ELISA IL-1β release via ELISA IL-6 release via ELISA IL-6 release via ELISA IL-6 release via ELISA 

Pre-test preparation of 
cells 

Collect whole blood, 
heparinize, and use 
within 4 hr  
Plate Method: same 
collection procedure  

• Collect blood, 
heparinize, and 
cryopreserve 
according to the 
Konstanz or PEI 
method  

• Prior to testing, thaw 
blood at 37°C for 15 
min 

Collect whole blood, 
heparinize, and use 
within 4 hr 

• Collect whole blood and 
isolate PBMCs by 
centrifugation 

• Resuspend PBMCs in 
RPMI-C (1x106 
cells/mL) (use PBMCs 
within 4 hr of initial 
blood collection) 

• Incubate MM6 cells 
(4x105 cells/mL media) 
for 24 hr 

• Resuspend cells 
(2.5x106 cells/mL)3 
prior to testing 

Application of the test 
substance 

Tube method: In a 
microfuge tube mix 
1000µL 0.9% 
NaCl+100µL 
sample+100µL blood 
Plate method: In a 96-
well plate mix 200µL 
0.9% NaCl+20µL 
sample+20µL blood  

Konstanz method: In a 
96-well plate mix 200µL 
RPMI+20µL 
sample+20µL blood 
PEI Method: In a 96-well 
plate mix 180µL RPMI + 
20µL sample+40µL 
blood  

In a 96-well plate: Mix 
50 µL 
standards/samples+100 
µL 0.9% NaCl+50 µL 
blood 

In a 96-well plate: Mix 50 
µL standards/samples+100 
µL RPMI-C+100 µL 
PBMCs 

In a 96-well plate: Mix 50 
µL 
standards/samples+100 
µL RPMI-C+100 µL cells 
in suspension 

Duration of exposure 10-24 hr 

10-24 hr (NOTE: for 
Konstanz method, after 
incubation, freeze wells 
at -20°C or -80°C and 
then thaw at 37°C) 

16-24 hr 16-24 hr 16-24 hr 

Exposure of the test 
substance 

Material used for ELISA 
Tube method: centrifuge 
2 min @ 10,000g-test 
supernatant 

Blood/RPMI/sample 
mixture 

Blood/saline/sample 
mixture 

Cell supernatant Cell supernatant 
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 Test Method 
Component 

WB/IL-11 cryo WB/IL-1 WB/IL-6 PBMC/IL-61 MM6/IL-6 

 Plate method: mix each 
well be pipetting and test 
resuspended mixture 

Known limits of use 

Intended for parenteral 
pharmaceuticals, 
biological products, and 
medical devices that have 
been qualified through 
interference testing 

Intended for parenteral 
pharmaceuticals, 
biological products, and 
medical devices that have 
been qualified through 
interference testing 

Intended for parenteral 
pharmaceuticals, 
biological products, and 
medical devices that have 
been qualified through 
interference testing 

Intended for parenteral 
pharmaceuticals, 
biological products, and 
medical devices that have 
been qualified through 
interference testing 

Intended for parenteral 
pharmaceuticals, 
biological products, and 
medical devices that have 
been qualified through 
interference testing 

Nature of the response assessed 

Pyrogenic substances 
induce the release of 
proinflammatory 
cytokines (e.g., IL-1β) 
from monocytoid cells 
present in human whole 
blood 

Pyrogenic substances 
induce the release of 
proinflammatory 
cytokines (e.g., IL-1β) 
from monocytoid cells 
present in human whole 
blood 

Pyrogenic substances 
induce the release of 
proinflammatory 
cytokines (e.g., IL-6) 
from monocytoid cells 
present in human whole 
blood  

Pyrogenic substances 
induce the release of 
proinflammatory cytokines 
(e.g., IL-6) from PBMCs 

Pyrogenic substances 
induce the release of 
proinflammatory 
cytokines (e.g., IL-6) 
from these immortalized 
monocytoid cells 

Positive control (PC) 
0.5 EU/mL WHO-LPS 
94/580 [E. coli 
0113:h10:K-]5 

0.5 EU/mL WHO-LPS 
94/580 [E. coli 
0113:h10:K-]5 

0.5 EU/mL WHO-LPS 
94/580 [E. coli 
0113:h10:K-]5 

0.5 EU/mL WHO-LPS 
94/580 [E. coli 
0113:h10:K-]5 

0.5 EU/mL WHO-LPS 
94/580 [E. coli 
0113:h10:K-]5 

Negative control (NC) 0.9% NaCl 0.9% NaCl 0.9% NaCl 0.9% NaCl 0.9% NaCl 
Positive product control 
(PPC) 

Test substance spiked 
with 0.5 EU/mL 

Test substance spiked 
with 0.5 EU/mL 

Test substance spiked 
with 0.5 EU/mL 

Test substance spiked with 
0.5 EU/mL 

Test substance spiked 
with 0.5 EU/mL 

Appropriate controls 

Negative product control 
(NPC) 

Test substance spiked 
with 0.9% NaCl 

Test substance spiked 
with 0.9% NaCl 

Test substance spiked 
with 0.9% NaCl 

Test substance spiked with 
0.9% NaCl 

Test substance spiked 
with 0.9% NaCl 

Positive controls 

• PC OD 1.6-fold>NC 
OD 

• PPC OD 1.6-fold>NPC 
OD 

• PPC OD should be 
within 50% to 200% of 
the PC OD 

• PC OD 1.6-fold>NC 
OD 

• PPC OD 1.6-fold>NPC 
OD 

• PPC OD should be 
within 50% to 200% of 
the PC OD 

PPC OD should be within 
50% to 200% of the PC 
OD 

• PPC OD should be 
within 50% to 200% of 
the PC OD 

• 1 EU/mL standard 
OD>1000 pg/mL IL-6 
standard 

• PC OD±20% of the 
expected value (i.e., 0.5 
EU/mL) 

• PPC OD should be 
within 50% to 200% of 
the PC OD 

Acceptable ranges of 
control responses 

Negative controls NC OD≤0.100 NC OD≤0.100 NC OD<200 pg/mL IL-6 
standard 

NC OD<500 pg/mL IL-6 
standard 

• NC OD<0.200 

Nature of data to be collected and methods used 
for data collection 

• IL-1β release from 
monocytoid cells 
present in whole blood 
is quantified with an 
ELISA for all standards 
and samples. 

• The endotoxin content 
of a test substance is 
calculated by 
comparing the induced 
IL-1β release with that 
induced by the 

• IL-1β release from 
monocytoid cells 
present in whole blood 
is quantified with an 
ELISA for all standards 
and samples. 

• The endotoxin content 
of a test substance is 
calculated by 
comparing the induced 
IL-1β release with that 
induced by the 

• IL-6 release from 
monocytoid cells 
present in whole blood 
is quantified with an 
ELISA for all standards 
and samples. 

• The endotoxin content 
of a test substance is 
calculated by 
comparing the induced 
IL-6 release with that 
induced by the 

• IL-6 release from 
PBMCs is quantified 
with an ELISA for all 
standards and samples. 

• The endotoxin content 
of a test substance is 
calculated by comparing 
the induced IL-6 release 
with that induced by the 
endotoxin standard 
curve concentrations 

• IL-6 release from MM6 
cells is quantified with 
an ELISA for all 
standards and samples. 

• The endotoxin content 
of a test substance is 
calculated by 
comparing the induced 
IL-6 release with that 
induced by the 
endotoxin standard 
curve concentrations 
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 Test Method 
Component 

WB/IL-11 cryo WB/IL-1 WB/IL-6 PBMC/IL-61 MM6/IL-6 

endotoxin standard 
curve concentrations 

endotoxin standard 
curve concentrations 

endotoxin standard 
curve concentrations 

Type of media in which data are stored Electronic files  Electronic files  Electronic files  Electronic files  Electronic files  

Measures of variability 
Mean±SD of the OD for 
each test 
substance/standard 

Mean±SD of the OD for 
each test 
substance/standard 

Mean±SD of the OD for 
each test 
substance/standard 

Mean±SD of the OD for 
each test 
substance/standard 

Mean±SD of the OD for 
each test 
substance/standard 

Decision criteria and basis for their selection 

≥0.5 EU/mL indicates a 
pyrogenic response based 
on the pyrogen threshold 
value as detailed in 
Section 4.2 

≥0.5 EU/mL indicates a 
pyrogenic response based 
on the pyrogen threshold 
value as detailed in 
Section 4.2 

≥0.5 EU/mL indicates a 
pyrogenic response based 
on the pyrogen threshold 
value as detailed in 
Section 4.26 

≥0.5 EU/mL indicates a 
pyrogenic response based 
on the pyrogen threshold 
value as detailed in 
Section 4.27 

≥0.5 EU/mL indicates a 
pyrogenic response based 
on the pyrogen threshold 
value as detailed in 
Section 4.2 

Abbreviations: DMSO = dimethylsulfoxide; EU = endotoxin unit; HIFCS = heat-inactivated fetal calf serum; HSA = human serum albumin; MEM = minimum essential medium; MM6 = MONO MAC-952 
6; NC = negative control; NPC = negative product control; OD = optical density; PBS = phosphate buffered saline; PC = positive control; PPC = positive product control 953 
1As described in Section 1.1.1, a catch-up validation studies were also conducted to evaluate the performance of the WB/IL-1 test method using 96-well plates, and the PBMC/IL-6 test method when 954 
using cryopreserved PBMCs. The plating procedure (WB/IL-1) and the cryopreservation procedure (PBMC/IL-6) are the only differences in the test method protocols (see Appendix A).  955 
2Medium should be qualified for testing by a valid LAL test (e.g., USP28NF23<85>) indicating that the endotoxin contamination is <0.06 IU/mL); FBS concentration for MM6 cells varies based on 956 
whether it is for maintenance/propagation (10%) or assay (2%) conditions. 957 
3Dilution of the test material should not exceed the maximum valid dilution (MVD), where MVD = (endotoxin limit concentration)/(detection limit of the assay) 958 
4Cell numbers represent viable cells based on trypan blue exclusion 959 
5Or another endotoxin calibrated against this standard 960 
6Specifies that each substance must "pass" (i.e., be non-pyrogenic) in blood from three different donors. 961 
7Includes a sequential decision strategy in which 3 to 4 donors are tested per substance. 1) If all donors show negative - product is non-pyrogenic; 2) If ≥2 donors show a positive - product is pyrogenic; 962 
3) If only one donor shows a positive, an additional 3 to 4 donors are tested and if no more than one donor is positive (out of 6 to 8 donors) - product is non-pyrogenic; otherwise, product is pyrogenic.963 
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2.2.1 Methods Used to Analyze the Data, Including Methods to Analyze for Interference 964 

With the Assay 965 

Once a substance has been tested in the requisite number of donor samples (see Section 966 

2.2.2), the resulting sample test medium (as indicated in Table 2-1) is assayed in 967 

quadruplicate in the relevant cytokine ELISA. Outliers are identified using Dixon's test 968 

(p>0.05), and are excluded from the calculations of endotoxin content. Endotoxin standard 969 

curves are included in each assay, from which the endotoxin content of each replicate is 970 

estimated using a 4-parameter logistic model.  971 

As indicated in Table 2-1, mean optical density (OD) readings are calculated for the positive 972 

and negative control samples, as well as for the relevant positive and negative product 973 

controls. The acceptable range of the positive product control (50% to 200% of the positive 974 

control response) defines the threshold for interference with the test system. If the positive 975 

product control response falls outside of this range, the samples are then assayed at the 976 

lowest dilution that does not cause interference. 977 

2.2.2 Decision Criteria and the Basis for the Prediction Model Used to Identify a 978 

Pyrogenic Substance 979 

As described in Section 4.2, historical RPT data were used to establish a threshold pyrogen 980 

dose (i.e., the endotoxin dose at which fever was induced in 50% of the rabbits), which was 981 

determined to be 5 EU/kg. Based on the largest allowable volume for injection in rabbits (10 982 

mL/kg), the limit of detection that the in vitro pyrogen tests must meet was defined as 0.5 983 

EU/mL. Accordingly, the prediction model for each test method was established based on 984 

this limit of detection (i.e., a substance is considered pyrogenic if the mean response is 985 

greater than or equal to the 0.5 EU/mL standard).  986 

For three of the test methods, results from multiple donors (cryo WB/IL-1 [n=5], WB/IL-6 987 

[n=3], and PBMC/IL-6 [n=3 to 4]) are required to determine the pyrogenicity of a test 988 

substance. In contrast, a single donor sample is used for the WB/IL-1 test method, as is a 989 

single cell sample for the MM6/IL-6 test method. As outlined in Table 2-2, unlike the cryo 990 

WB/IL-1 test method, the WB/IL-6 and PBMC/IL-6 test methods employ a decision strategy 991 

that takes into account the individual responses of each donor sample.  992 
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Table 2-2 Prediction Model Used for In Vitro Pyrogenicity Test Methods 993 

Test Method No. Donors No. Positive No. Negative Decision 
4 0 Pyrogenic 
3 1 Pyrogenic 
2 2 Pyrogenic 
1 3 Non-pyrogenic 

41 

0 4 Non-pyrogenic 
3 0 Pyrogenic 
2 1 Pyrogenic 
1 2 Non-pyrogenic 

PBMC/IL-6 

31 

0 3 Non-pyrogenic 
3 3 Pyrogenic 
2 1 Pyrogenic 
1 2 Non-pyrogenic 

WB/IL-6 3 

0 3 Non-pyrogenic 
1 0 Pyrogenic 

cryo WB/IL-1 5 (pooled)2 
0 1 Non-pyrogenic 
1 0 Pyrogenic 

WB/IL-1 1 
0 1 Non-pyrogenic 
1 0 Pyrogenic 

MM6/IL-6 NA3 
0 1 Non-pyrogenic 

Abbreviations: cryo = Cryopreserved; IL-1 = Interleukin-1; IL-6 = Interleukin-6; MM6 = Mono Mac 6; NA = Not 994 
applicable; No. = Number; WB = Whole blood 995 
1Samples are collected from four donors for the PBMC/IL-6 test method, one donor sample may be excluded based on 996 
quality criteria, in which case the prediction model may be applied to results from three donors.  997 
2Samples are collect from five donors for the cryo WB/IL-1 test method and pooled prior to cryopreservation 998 
3Not applicable, because source material is obtained from an immortalized cell line. 999 
 1000 

2.2.3 Information and Data to be Included in the Study Report and Availability of 1001 

Standard Forms for Data Collection and Submission 1002 

The test report should include the following information, if relevant to the conduct of the 1003 

study: 1004 

Test Substances and Control Substances 1005 

• Name, and type  (e.g., pharmaceutical, biological product, medical device 1006 

eluate, etc.) of test product 1007 

• Purity and composition of the test substance or preparation  1008 

• Physicochemical properties such as physical state, volatility, pH, stability, 1009 

chemical class, water solubility relevant to the conduct of the study 1010 

• Treatment of the test/control substances prior to testing, if applicable (e.g., 1011 

vortexing, sonication, warming; solvent used) 1012 

• Stability, if known 1013 
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Justification of the Specific Protocol(s) Used 1014 

Test Method Integrity 1015 

• The procedure used to ensure the integrity (i.e., accuracy and reliability) of the 1016 

test method over time 1017 

• If the test method employs proprietary components, documentation of the 1018 

procedure used to ensure their integrity from “lot-to-lot” and over time 1019 

Criteria for an Acceptable Test 1020 

• Acceptable concurrent positive control ranges based on historical data from 1021 

the testing laboratory (which should be included in the report) 1022 

• Acceptable negative control data, including historical control ranges from the 1023 

testing laboratory  (which should be included in the report) 1024 

Test Conditions 1025 

• Cell system used; donor information, if relevant 1026 

• Calibration information for the equipment used for measuring cytokine release 1027 

(e.g., spectrophotometer) 1028 

• Details of test procedure used 1029 

• Description of modifications of the test procedure made by the testing 1030 

laboratory for the substance being tested 1031 

• Reference to the laboratory’s historical data for the cell system and protocol 1032 

• Description of data and quality assurance evaluation criteria used 1033 

Results 1034 

• Tabulation of data from individual test samples 1035 

Description of Other Effects Observed 1036 

Discussion of the Results 1037 

Conclusion 1038 

A Good Laboratory Practice (GLP) Quality Assurance Statement  1039 
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• This statement addresses all GLP inspections and audits made during the 1040 

study, and the dates the results were reported to the Study Director.  This 1041 

statement also serves to confirm that the final report reflects the raw data. 1042 

Reporting requirements for GLP-compliant studies are provided in the relevant guidelines 1043 

(e.g., OECD 1998; EPA 2003a, 2003b; FDA 2003). 1044 

2.3 Basis for Selection of the Test Method Systems 1045 

One of the difficulties associated with the currently required pyrogenicity test methods (i.e., 1046 

RPT and BET) is that both require extrapolation of the response from a non-human system to 1047 

the human. In contrast, and as discussed in Section 1.1.1, all five of these test methods 1048 

employ human cells in an attempt to mimic the human fever response in vitro. Because these 1049 

test methods are conducted using cells of human origin, it is proposed that they will better 1050 

reflect the human physiological response than current, non-human methods, and thus more 1051 

effectively predict human adverse effects.  1052 

The whole blood test methods (i.e., WB/IL-1, cryo WB/IL-1, WB/IL-6) offer the 1053 

convenience of performing the assay directly on a human blood sample, with minimal pretest 1054 

preparation. The cryo WB/IL-1 test method was developed to offer the convenience of an 1055 

increased time interval between the time of blood collection and the time a test is initiated 1056 

(since the fresh blood methods require testing within four hours of collection), as well as 1057 

increased standardization through the pooling of five donor samples to produce a larger 1058 

sample bank of cells to use in the test. The MM6/IL-6 test method provides increased 1059 

standardization by using an immortalized cell line that may be maintained in the laboratory 1060 

indefinitely, and transferred among laboratories. Finally, the PBMC/IL-6 test method was 1061 

developed in an attempt to pyrogen detection sensitivity by using the monocyte fraction of 1062 

whole blood, which is considered to be the most sensitive human blood cell type to the 1063 

presence of endotoxin.  1064 

2.4 Proprietary Components 1065 

Data from the test methods that use the IL-6 endpoint (i.e., WB/IL-6, PBMC/IL-6, MM6/IL-1066 

6) were obtained using a Novartis-developed IL-6 ELISA assay. The monoclonal anti-IL-6 1067 

antibody used in this ELISA was developed using an in-house IL-6 clone at Novartis (i.e., 1068 
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clone 6). Unless the Novartis assay is made publicly available, alternative, commercially 1069 

available IL-6 ELISA assays will be necessary, and would have to be individually validated 1070 

for use in these procedures.  1071 

The original MM6 cell line used in the MM6/IL-6 test method is maintained by Prof. H. 1072 

Ziegler-Heitbrock at the University of Munich. According to Section 2.4 of the ECVAM 1073 

MM6/IL-6 BRD (see Appendix A), these cells are available for research purposes by request 1074 

to Prof. Ziegler-Heitbrock directly, or the German Collection of Microorganisms and Cell 1075 

Cultures in Germany. Once obtained, the testing laboratory may establish a working cell-1076 

bank. However, the BRD also states that conditions for licensing of the MM6 cells are to be 1077 

negotiated with Prof. Ziegler-Heitbrock directly. 1078 

According to the US Patent and Trademark Office (USPTO), patents are held for "Test for 1079 

determining pyrogenic effect of a material" (U.S. 5,891,728, Apr 6, 1999), and "Pyrogenicity 1080 

test for use with automated immunoassay systems" (U.S. 6,696,261 B2, Feb 24, 2004). These 1081 

patents cover the WB/IL-1 and WB/IL-6 test methods, respectively. In addition, and related 1082 

to the cryo WB/IL-1 test method, there is a patent pending for "Test procedure with 1083 

biological system - Preparations containing deep-frozen blood are used for determining blood 1084 

response" (USPTO 436518000).  1085 

There are several measures in the study validity criteria that may be used to verify the 1086 

integrity of proprietary components. As outlined in Table 2-1, an endotoxin standard curve is 1087 

established for each assay, which is in turn used to define the endotoxin activity of the test 1088 

substances. In addition, positive and negative controls, along with positive and negative 1089 

product controls, are used for interference testing, and serve as internal controls for each 1090 

assay.  1091 

2.5 Number of Replicates 1092 

2.5.1 Number of Donors 1093 

There is no rationale provided for the number of donors included for each test method. As 1094 

described in Section 2.2.2, samples from multiple donors are for three of the test methods. 1095 

The cryo WB/IL-1 test method uses blood from five different donors and the WB/IL-6 and 1096 

PBMC/IL-6 test methods use blood from at least three donors, which are tested individually. 1097 
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In contrast, a single donor sample is used for the WB/IL-1 test method, as is a single cell 1098 

culture for the MM6/IL-6 test method.  1099 

2.5.2 Number of Assay Replicates 1100 

Once each substance has been tested in the requisite number of donor samples (see Section 1101 

2.2.2), the resulting sample test medium is assayed in quadruplicate in the relevant cytokine 1102 

ELISA. As indicated in Section 2.2.1, Dixon's test is used to detect outliers among the 1103 

replicates. Section 2.5 of the ECVAM BRDs states that four replicates were chosen at it is 1104 

considered the minimum number for inclusion in Dixon's test. 1105 

2.6 Modifications to the Test Method Protocols Based on ECVAM Validation 1106 

Study Results 1107 

In the MM6/IL-6 test method, prevalidation studies demonstrated that pre-incubation of the 1108 

cells at a defined initial concentration of 2 x 107 cells/50 mL RPMI-C for 24 hr greatly 1109 

improved test method performance. Therefore, this modification was included in the 1110 

validation study, and subsequently carried forward to the recommended MM6/IL-6 test 1111 

method protocol. 1112 

For the PBMC/IL-6 test method, a single blood donor was initially used as a source of 1113 

PBMCs. However, the use of PBMCs from four separate donors (assayed individually) was 1114 

shown to reduce variability, and this modification was carried forward in the recommended 1115 

PBMC/IL-6 test method protocol. 1116 

No modifications were made to the WB/IL-1, cryo WB/IL-1, and WB/IL-6 test method 1117 

protocols as a result of the prevalidation or validation testing experiences. 1118 

2.7 Differences with Comparable Validated Test Methods with Established 1119 

Performance Standards 1120 

The differences between the in vitro pyrogenicity test methods and the currently accepted 1121 

pyrogenicity test methods (i.e., BET and RPT) are described in Sections 1.2.3 and 1.3.2. 1122 
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3.0 SUBSTANCES USED FOR THE VALIDATION OF IN VITRO 1123 

PYROGENICITY TEST METHODS 1124 

3.1 Rationale for the Substances or Products Selected for Testing 1125 

In vitro pyrogenicity test method validation studies should evaluate an adequate sample of 1126 

substances and products of the types that are intended to be tested with these methods. The 1127 

list of test substances selected for inclusion in the ECVAM validation studies consists solely 1128 

of marketed parenteral pharmaceuticals that have been labeled as free from detectable 1129 

pyrogens. No specific rationale was provided for the selection of these test substances. For 1130 

evaluating test method performance, each test substance was spiked with a Gram-negative 1131 

endotoxin standard (WHO-LPS 94/580 [E. coli O113:H10:K-]). Endotoxin was selected as a 1132 

“model” pyrogen for inclusion based on its availability in a standardized form and because of 1133 

the known ability of these cells to respond to endotoxin-based pyrogens.. No non-endotoxin-1134 

based pyrogenic substances are presently available in a standardized form.  1135 

Each sample contained the appropriate endotoxin spike concentration when tested at its 1136 

Maximum Valid Dilution (MVD). The MVD takes into account the endotoxin limit 1137 

concentration (ELC) and the detection limit of the particular test method. The U.S. and 1138 

European Pharmacopoeias assign ELCs for drugs based on their specific administered dose, 1139 

route of administration, and dosing regimen. Based on the selected threshold pyrogen dose of 1140 

0.5 EU/mL (see Section 4.0), and the decision criteria used in the validation studies to 1141 

identify a pyrogenic response (≥0.5 EU/mL, see Section 5.0), a concentration of 0.5 EU/mL 1142 

was used as the detection limit for the in vitro test methods when calculating the MVDs for 1143 

each of the test substances.   1144 

3.2 Number of Substances 1145 

A total of 13 substances were included in the performance analysis of each of the five in vitro 1146 

test methods. Ten substances, each spiked with five concentrations of endotoxin, were used 1147 

to evaluate accuracy. For the evaluation of reproducibility, three substances were each spiked 1148 

with four concentrations of endotoxin. 1149 

 1150 
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3.3 Identification and Description of Substances Tested 1151 

As indicated in Section 3.1, the test substances selected for use in the validation studies were 1152 

marketed parenteral pharmaceuticals. Table 3-1 lists the 10 test substances used to evaluate 1153 

accuracy, and Table 3-2 lists the three test substances used to evaluate reproducibility. 1154 

Table 3-1 Test Substances (Parenteral Drugs) Used in the Validation Studies for 1155 

Determining Test Method Accuracy1 1156 

Test Substance2 Source Active Ingredient Indication MVD (-fold) 

Beloc® Astra Zeneca Metoprolol tartrate 
Heart 

dysfunction 
140 

Binotal® Aventis Ampicillin Antibiotic 140 
Ethanol 13% (w/w) B. Braun Ethanol Diluent 35 
Fenistil® Novartis Dimetindenmaleat Antiallergic 175 
Glucose 5% (w/v) Eifel Glucose Nutrition 70 
MCP® Hexal Metoclopramid Antiemetic 350 

Orasthin® Aventis Oxytocin 
Initiation of 

delivery 
700 

Sostril® GSK Ranitidine Antiacidic 140 
Drug A - 0.9% NaCl - 0.9% NaCl - 35 
Drug B - 0.9% NaCl - 0.9% NaCl - 70 
Abbreviations: MVD = Maximum valid dilution; GSK = GlaxoSmithKline; NaCl = Sodium chloride;  1157 
w/w = Weight/weight; w/v = Weight/volume 1158 
1Each substance was tested in all five in vitro pyrogenicity test methods. 1159 
2Each test substance was spiked with 0, 0.25, 0.5, 0.5, or 1.0 EU/mL of endotoxin (WHO-LPS 94/580 1160 
[E. coli O113:H10:K-]). Each sample contained the appropriate spike concentration when tested at its Maximum Valid 1161 
Dilution (MVD). 1162 
 1163 

Table 3-2 Test Substances (Parenteral Drugs) Used in the Validation Studies for 1164 

Determining Test Method Reproducibility1 1165 

Test Substance2 Source Agent Indication 
Gelafundin® Braun Melsungen Gelatin Transfusion 
Jonosteril® Fresenius Electrolytes Infusion 
Haemate® Aventis Factor VIII Hemophilia 
1Each substance was tested in all five in vitro pyrogenicity test methods. 1166 
2Each test substance was spiked with 0, 0, 0.5, or 1.0 EU/mL of endotoxin (WHO-LPS 94/580 [E. coli O113:H10:K-]). Each 1167 
sample contained the appropriate spike concentration when tested at its Maximum Valid Dilution (MVD). 1168 
 1169 

3.4 Sample Coding Procedure 1170 

According to the ECVAM BRDs (Section 3.4), the ten test substances and the five spike 1171 

concentrations used for the evaluation of accuracy were blinded to the testing laboratories. 1172 
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For the reproducibility analyses, although the four spike concentrations were blinded to the 1173 

participating laboratories, the identities of the three test substances were not. 1174 

3.5 Rationale for the Selection of the Recommended Reference Substances 1175 

Reference substances are used to assess the accuracy and reliability of a proposed, 1176 

mechanistically and functionally similar test method and are a representative subset of those 1177 

used to demonstrate the reliability and the accuracy of the validated reference test method (in 1178 

this case, the RPT).  These substances should:  1179 

• represent the range of responses that the validated test method is capable of 1180 

measuring or predicting 1181 

• have produced consistent results in the validated test method  1182 

• produce responses that reflect the accuracy of the validated test method  1183 

• have well-defined chemical structures and/or compositions 1184 

• be readily available 1185 

• not be associated with excessive hazard or prohibitive disposal costs 1186 

Pyrogenicity test methods provide a unique situation with regard to reference substances for 1187 

use in validation studies because the only available standardized reference pyrogen is the 1188 

international reference standard endotoxin (WHO-LPS 94/580 [E. coli 0113:h10:K-]). This 1189 

reference standard was used to spike each of the test substances used in the ECVAM 1190 

validation studies (see Tables 3-2 and 3-3). This reference standard is also used as a positive 1191 

control and for qualifying the test methods during interference testing, and is also used when 1192 

performing the BET. 1193 

As described in Section 4.0, the response of the reference test method (i.e., RPT) to 1194 

endotoxin is well documented. For this reason, the threshold pyrogen dose used for 1195 

establishing the decision criteria for the in vitro test methods was based on historical RPT 1196 

data for rabbits treated with endotoxin in the laboratory that supplied the RPT data. 1197 

1198 
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4.0 IN VIVO REFERENCE DATA FOR THE ASSESSMENT OF TEST 1214 

METHOD ACCURACY 1215 

4.1 Description of the Protocol Used to Generate In Vivo Data 1216 

4.1.1 The Rabbit Pyrogen Test (RPT) 1217 

The RPT protocols most widely accepted by regulatory agencies are outlined in the USP, 1218 

(USP23 NF28<151>), the U.S. Code of Federal Regulations (21CFR610.13), the European 1219 

Pharmacopoeia (EP, EP5.0 2.6.8), and the Japanese Pharmacopoeia (JP, JP XIV), as 1220 

summarized in Table 4-1. The RPT involves measuring the temperature increase in rabbits 1221 

following an intravenous injection (via the ear vein) of a test substance in a dose not to 1222 

exceed 10 mL/kg injected within a period of not more than 10 minutes. Initially, three rabbits 1223 

are injected and the increase (or decrease) in temperature relative to the baseline value is 1224 

measured at 30-min intervals for up to three hours. The resulting data are used to calculate an 1225 

overall temperature increase by summing the results from all three animals, which is then 1226 

used to assign a label of pyrogenic or non-pyrogenic. 1227 



Draft In Vitro Pyrogenicity BRD: Section 4  01 Dec 2006 
 

4-2 

Table 4-1 Test Guidelines for the Rabbit Pyrogen Test 1228 

Reference RPT Protocol 
Component 21CFR610.13 EP5.0 2.6.8 JP XIV USP28 NF23 <151> 

Number of rabbits 3 or 81 3, 6, 9, or 121 3 or 81 3 or 81 
Rabbit species/strain Not specified Not specified Not specified Not specified 
Exclusion criteria for 
rabbits during the initial 
selection of rabbits 

• Used in a negative pyrogen 
test in the preceding 2 days 

• Used in a pyrogen test in 
which its temperature rose 
≥0.6°C in the preceding 2 
weeks 

• Weight<1.5 kg 
• Decreased weight in the 

preceding week 
• Used in a negative pyrogen 

test in the preceding 3 days 
• Used in a positive pyrogen test 

in the preceding 3 weeks 

• Weight<1.5 kg 
• Decreased weight in the 

preceding week 
• Previously used in a positive 

pyrogen test 
• Rabbits from negative pyrogen 

tests may be reused only when a 
"as a long a resting period as 
possible is taken" 

• Used in a negative pyrogen test 
in the preceding 2 days 

• Used in a pyrogen test in which 
its temperature rose ≥0.6°C in 
the preceding 2 weeks 

 

Testing room conditions 20 to 23°C Within 3°C of the housing quarters 
(temperature not specified) 

20 to 27°C and constant humidity 20 to 23°C 

Food/water during test Food withheld during the test, 
but water available at all times 

Food withheld overnight and until 
end of the test. Water withheld 
during the test. 

Food withheld beginning several hrs. 
prior to first temperature recording 
and until the end of the test. 

Food withheld during the test period, 
but water available at all times 

Depth of temperature 
probe in rectum 

Not less than 7.5 cm Approximately 5 cm 60-90 mm Not less than 7.5 cm 

Preliminary test ≤7 days prior to main test, 
perform all procedures used for 
the main test except the 
injection. 

• 1-3 days prior to main test, 
treat test animals with an 
injection of warmed (38.5°C) 
pyrogen-free saline 

• Record temperature at 90 min 
prior to injection and every 30 
min thereafter up to 3 hr. 

• Exclude any rabbits with an 
increase of >0.6°C 

Not specified ≤7 days prior to main test, perform 
all procedures used for the main test 
except the injection. 

Baseline temperature  • Record temperature ≤ 30 
min prior to injection 

• For any group of rabbits, 
use only if baseline 
temperatures do not 
vary>1°C among rabbits 

• Exclude rabbits with 
baseline 
temperature>39.8°C 

• Mean of two temperature 
recordings at 40 minutes and 
10 minutes prior to injection 

• Exclude rabbits if variation 
>0.2°C between measurements 
noted 

• Exclude rabbits with initial 
temperature >39.8°C or 
<38.0°C 

• Record temperature three times at 
one-hr intervals prior to injection 

• Assuming no appreciable 
variability among recordings, use 
the last recording as the baseline 
value. 

• Exclude animals if 2nd and 3rd 
temperature measurements 
exceed 39.8°C 

• Record temperature ≤30 min 
prior to injection 

• For any group of rabbits, use 
only if baseline temperatures do 
not vary >1°C among rabbits 

• Exclude rabbits with baseline 
>39.8°C 

Injection volume ≥3 mL/kg BUT ≤10mL/kg ≥0.5 mL/kg BUT ≤10mL/kg 10 mL/kg, unless otherwise specified ≤10 mL/kg 
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Injection time ≤10 min ≤4 min, unless otherwise indicated Not specified, but injection should 
occur within 15 min of the third 
pretest temperature recording 

≤10 min 

Injection site Marginal ear vein Marginal ear vein Marginal ear vein Marginal ear vein 
Pre-warming of test 
material 

37°C±2°C 38.5°C 37°C 37°C±2°C 

Temperature recording 
intervals after injection 

30 min intervals for 1 to 3 hr ≤30 min intervals for 3 hr 1 hr intervals for 3 hr 30 min intervals for 1 to 3 hr 

Abbreviations: CFR = U.S. Code of Federal Regulations; EP = European Pharmacopoeia; JP = Japanese Pharmacopoeia; RPT = Rabbit pyrogen test; USP = United States Pharmacopoeia 1229 
1Each test is initially conducted with three animals and additional animals are tested to resolve equivocal results in the first three animals 1230 
 1231 
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4.1.2 Current In Vivo Pyrogenicity Test Method Protocols 1232 

As indicated in Table 4-1, U.S. and international regulatory agencies have tailored the RPT 1233 

test method protocol to suit their specific needs and goals in protecting human health. The 1234 

current test method protocols (i.e., 21CFR610.13; EP5.0 2.6.8; JP XIV; USP28NF23<151>) 1235 

recommend using healthy, adult rabbits with no specific breed/strain requirements. Rabbits 1236 

are to be adequately acclimated to their surroundings and housed in an environment free from 1237 

excessive external stimuli. Each rabbit is conditioned prior to the test with a sham test that 1238 

includes all of the procedural steps except the injection. Reuse of test rabbits is permitted 1239 

only after an appropriate withdrawal period has been completed (2-3 days for a negative 1240 

result, 2-3 weeks for a positive result). 1241 

The test is conducted in a room that is designated solely for pyrogen testing, in which the 1242 

temperature is within 3°C of the uniform temperature of the housing room (i.e., 20°C±3°C). 1243 

Food is withheld during the test, but access to water is continuous. The baseline temperature, 1244 

which is used to calculate the increase in temperature during the test, is measured 30-40 1245 

minutes prior to injection of the test substance. In each group of rabbits tested, the variation 1246 

in baseline temperature among the rabbits should not vary more than 1°C, and rabbits with an 1247 

initial temperature greater than 39.8°C are excluded from testing. 1248 

The test substance is pre-warmed to approximately 37°C and injected (≤10 mL/kg) into the 1249 

marginal ear vein, completing each injection within 10 minutes. The rectal temperature is 1250 

recorded at 30-minute intervals for up to three hours after the injection. The decision criteria 1251 

outlined in Table 4-2 are then used to determine a pyrogenic response. As shown in Table 4-1252 

2, these decision criteria by which labels of pyrogenic or non-pyrogenic are assigned vary 1253 

among the USP, CFR, EP, and JP test guidelines. 1254 

1255 
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Table 4-2 Decision Criteria for Determining a Pyrogenic Response in the Rabbit 1255 

Pyrogen Test 1256 

RPT Protocol No. Rabbits Product passes if: Product fails if: 

3 
0/3 rabbits show an increase 
of ≥0.5°C 

NA1 
USP28 
NF23<151> 

51 
≤3/8 rabbits show an increase 
of ≥0.5°C AND the summed 
responses ≤3.3. 

>3/8 rabbits show an increase 
of ≥0.5°C AND/OR the sum of 
all responses >3.3 

3 
0/3 rabbits show an increase 
of ≥0.5°C 

NA1 

21CFR610.13 
51 

≤3/8 rabbits show an increase 
of ≥0.6°C AND the summed 
responses ≤3.7. 

>3/8 rabbits show an increase 
of ≥0.6°C AND/OR the 
summed responses >3.7 

3 Summed responses ≤1.15°C Summed responses >2.65º 
62 Summed responses ≤2.80°C Summed responses >4.30º 
92 Summed responses ≤4.45°C Summed responses >5.95º 

EP5.0 2.6.8 

12 Summed responses ≤6.60°C Summed responses >6.60º 

3 
3/3 rabbits show an increase 
of <0.6°C AND the summed 
responses ≤1.4°C 

≥2/3 rabbits show an increase 
≥0.6°C 

JP XIV 

53 
≥4/5 rabbits show an increase 
<0.6°C 

≥2/5 rabbits show an increase 
≥0.6°C 

CFR = U.S. Code of Federal Regulations; EP = European Pharmacopoeia; JP = Japanese Pharmacopoeia; USP = United 1257 
States Pharmacopoeia; NA = Not applicable 1258 
1If ≥1/3 rabbits show an increase of ≥0.5°C, continue test with an additional five rabbits. 1259 
2Three additional animals are tested when the summed responses falls in between the previous range. 1260 
3Five additional animals are tested when neither criteria is met, and results are based on these five animals only. 1261 

 1262 

4.2 Reference Data Used to Assess In Vitro Test Method Accuracy 1263 

There were no direct comparisons using the same test substances in the proposed in vitro test 1264 

methods and the RPT. Rather, historical data from 171 rabbits tested with endotoxin (0, 5, 1265 

10, 15, 20 EU/kg in 1 mL/kg) were obtained from a single laboratory. Two different sources 1266 

of endotoxin have been used: E. coli EC5; and E. coli EC6 that were reported to be identical 1267 

to the WHO standard used in the validation studies). These historical data were used to 1268 

establish a threshold pyrogen dose (i.e., the endotoxin dose at which fever was induced in 1269 

50% of the rabbits), which was determined to be 5 EU/kg.  Based on the largest allowable 1270 

volume for injection in rabbits (10 mL/kg), the limit of detection that new pyrogen tests must 1271 

meet was defined as 0.5 EU/mL. 1272 
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4.3 Availability of Original Records for the In Vivo Reference Data 1273 

Section 4.1 of the ECVAM BRDs indicates that the Paul-Ehrlich Institute, Germany, 1274 

provided the historical RPT data. 1275 

4.4 In Vivo Data Quality 1276 

Ideally, all data supporting the validity of a test method should be obtained and reported from 1277 

studies conducted in accordance with GLP guidelines (OECD 1998; EPA 2003a, 2003b; 1278 

FDA 2003). These guidelines provide an internationally standardized approach for the 1279 

reporting requirements of studies designed for regulatory submissions, internal audits of 1280 

laboratory records and data summaries, the archive of study data and records, and 1281 

information about the test protocol and laboratory personnel, to provide assurances regarding 1282 

the integrity, reliability, and accountability of the study. According to Section 4.4 of the 1283 

ECVAM BRDs (with the exception of the WB/IL-6 BRD, which states that this section is 1284 

"not applicable"), all RPT procedures were GLP-compliant. 1285 

4.5 Availability and Use of Toxicity Information from the Species of Interest 1286 

As stated in Section 1.2.1, the major regulatory requirement for pyrogenicity testing is for 1287 

end-product release of human and animal parenteral drugs, medical devices, and human 1288 

biological products. Results from such testing are used to limit to an acceptable level the 1289 

risks of febrile reactions to the injection and/or implantation of the product. Therefore, for 1290 

protection of both human and veterinary health, it is vital that the test method employed 1291 

provide an accurate estimation of the potential for a pyrogenic reaction in humans and other 1292 

species.  1293 

The estimation of the potential for a pyrogenic reaction has traditionally been obtained in 1294 

rabbits using the RPT, and more recently in horseshoe crabs with the BET (for Gram-1295 

negative endotoxins only). A number of studies have compared febrile responses between 1296 

rabbits and humans and showed that rabbits tended to be equal to, or more sensitive than 1297 

humans with respect to their threshold pyrogenic responses, but higher doses were more 1298 

pyrogenic in humans (Co Tui and Schrift 1942; Westphal 1956; Keene et al. 1961). Greisman 1299 

and Hornick (1969) compared three purified endotoxin preparations in mature New Zealand 1300 

white rabbits and in male volunteers and showed that the pyrogenic response induced was 1301 
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similar in both species. Based on these studies, the rabbit is considered to be predictive of the 1302 

human response (and may often over predict the response). 1303 

4.6 Information on the Accuracy and Reliability of the In Vivo Test Method 1304 

Hoffmann et al. (2005) modeled the sensitivity and specificity of the RPT. They reviewed 1305 

historical data from 171 rabbits challenged with endotoxin in a single laboratory in order to 1306 

establish a threshold pyrogen dose (i.e., the endotoxin dose at which fever was induced in 1307 

50% of the rabbits). A threshold value of 0.5 EU/mL was defined by regression analysis of 1308 

the data. The performance characteristics of the RPT (i.e., sensitivity and specificity) were 1309 

then determined using a 2 x 2 contingency table, and incorporating the parameters obtained 1310 

from the regression analysis. The authors considered the prevalence of the endotoxin spikes 1311 

included in the ECVAM accuracy evaluations in the validation studies (i.e., 0 EU/mL: 20%; 1312 

0.25 EU/mL: 20%; 0.5 EU/mL: 40%; 1.0 EU/mL: 20%) and applied the threshold pyrogen 1313 

dose of 0.5 EU/mL to calculate theoretical values for sensitivity (58%) and specificity (83%) 1314 

of the RPT.  1315 

The accuracy and reliability of the RPT for endotoxin testing has been considered adequate 1316 

for U.S. and international regulatory needs for many years. Since its inclusion in the USP in 1317 

1941, the RPT had been extensively used, and is the preferred method for detection of 1318 

pyrogenicity for product development, because of the inability of the BET to detect non-1319 

endotoxin pyrogens.  1320 
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5.0 TEST METHOD DATA AND RESULTS 1321 

5.1 Test Method Protocol 1322 

The standard operating procedures (SOPs) used during the ECVAM validation studies are 1323 

included in Appendix A. As described in Section 2.1, there are many similarities among the 1324 

protocols for each of the in vitro pyrogenicity test methods, with very few notable differences 1325 

other than the type of cells used (i.e., whole blood cells, PBMCs, monocytoid cell line) and 1326 

the proinflammatory cytokine assayed (i.e., IL-1β or IL-6). These similarities and differences 1327 

are outlined in Table 2-1. An internationally accepted endotoxin standard (i.e., WHO-LPS 1328 

94/580 [E. coli 0113:h10:K-]) was used to spike samples of saline or marketed parenteral 1329 

pharmaceuticals. The same pharmaceuticals were used to create the spiked samples for all 1330 

five test methods (see Table 3-1 and 3-2). These samples were included in a series of studies 1331 

designed to determine the relevance and reliability of each of the in vitro test methods.  1332 

5.2 Availability of Copies of Original Data Used to Evaluate Test Method 1333 

Performance 1334 

ECVAM provided raw data from the validation studies in an electronic format (Excel® 1335 

spreadsheets) that consisted of OD450 measurements for all replicates included in each of the 1336 

validation studies.  1337 

NICEATM attempted to obtain additional in vitro and/or in vivo pyrogenicity test method 1338 

data. A Federal Register (FR) notice (Vol. 70, No. 241, pp. 74833-4, December 16, 2005; 1339 

available at http://iccvam.niehs.nih.gov/methods/pyrogen.htm) was published requesting 1340 

original in vitro pyrogenicity test method data and reference data from the currently used 1341 

pyrogenicity test methods (i.e., RPT and/or BET). In addition, the FR notice was sent directly 1342 

to more than 100 interested stakeholders internationally. Despite these efforts, no additional 1343 

data were submitted. 1344 

5.3 Description of the Statistical Approaches Used to Evaluate the Resulting Data 1345 

Details of the statistical approaches used to evaluate the accuracy and reliability of each of 1346 

the five test methods are included in Section 5.3 of each ECVAM BRD. Briefly, as indicated 1347 

in Section 3.2, ten substances (each spiked with five concentrations of endotoxin) were 1348 
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tested in each test method to evaluate accuracy, while three substances (each spiked with four 1349 

concentrations of endotoxin) were used to evaluate test method reproducibility. Varying 1350 

concentrations of endotoxin-spiked saline were tested for the analysis of intralaboratory 1351 

repeatability.  1352 

The evaluation of intralaboratory repeatability included a coefficient of variation (CV) 1353 

analysis of the OD450 measurements for the replicates of each endotoxin concentration. 1354 

Boxplots were also generated to demonstrate variability among OD450 measurements for each 1355 

concentration. Similar analyses were conducted for the three substances used to assess intra- 1356 

and interlaboratory reproducibility. 1357 

The reproducibility analysis procedures used incorporated the decision criteria that were 1358 

developed to differentiate between pyrogenic and non-pyrogenic materials (using a threshold 1359 

value of 0.5 EU/mL). In all reproducibility analyses, a single run consisted of each of the 1360 

substances (as described above and in Section 3.2) assayed in quadruplicate. Acceptability 1361 

criteria for each run included a CV analysis to remove highly variable samples from the 1362 

analyses. This criterion ranged from CV<0.25 to CV<0.45, depending on the test method 1363 

being considered. For the measurement of intralaboratory reproducibility, pair-wise 1364 

comparisons between the runs were determined and the correlations between runs expressed 1365 

as a percentage of agreement between two individual laboratories. It should be noted that this 1366 

analysis takes into account the agreement of the resulting pyrogenicity call (i.e., pyrogenic or 1367 

non-pyrogenic), but does not consider whether the call is correct. All three possible 1368 

combinations were compared (i.e., run 1 vs. run 2; run 1 vs. run 3; run 2 vs. run 3) and a 1369 

mean value calculated, which was intended to provide an overall proportion of inter-run 1370 

agreement. 1371 

Similar analyses were conducted for an assessment of interlaboratory reproducibility, in 1372 

which pairwise comparisons between laboratories were determined and the correlations were 1373 

expressed as a percentage of agreement. This analysis included each run from each 1374 

laboratory (n=3 per laboratory) and all possible interlaboratory combinations were compared. 1375 

Similar to the intralaboratory analysis, this analysis takes the resulting pyrogenicity call from 1376 

each run in each laboratory into consideration, but does not consider whether the call is 1377 

correct. Section 7.0 provides additional details and the resulting data from these analyses. 1378 
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For the accuracy analysis, 2 x 2 contingency tables were constructed using the decision 1379 

criteria defined in Table 4-2 to assign a pyrogenicity call. Each run for each sample from 1380 

each laboratory was considered independently. Accordingly, the in vitro call was compared 1381 

to the "true status" (based on the known endotoxin spike concentration) of the sample. The 1382 

resulting accuracy statistics were calculated based on the overall database for each test 1383 

method. Similar to the reproducibility analyses, acceptability criteria for each run included a 1384 

CV analysis to remove highly variable samples from the analyses, for which a range of 1385 

CV<0.25 to CV<0.45 was used, depending on the test method being considered. Section 6.0 1386 

provides additional details and the resulting data from these analyses. 1387 

5.4 Summary of Results 1388 

Graphical representations of the repeatability and reproducibility analyses are provided in 1389 

Section 5.2 of each ECVAM BRD (see Appendix A). The tabulated results from which the 1390 

intra- and interlaboratory reproducibility analyses and accuracy analyses can be conducted 1391 

are provided in Section 5.4 of the ECVAM BRDs. The tables in that section include the test 1392 

substance name, the endotoxin spike concentration, the pyrogenicity call for each in vitro 1393 

run, and the "true status" of each test substance.  1394 

5.5 Use of Coded Chemicals and Compliance with GLP Guidelines 1395 

Ideally, all data supporting the validity of a test method should be obtained using coded 1396 

chemicals and reported in accordance with GLP guidelines (OECD 1998; EPA 2003a, 1397 

2003b; FDA 2003). As described in Section 8.1, all studies were carried out in accordance 1398 

with GLP guidelines based on the information available in the ECVAM BRDs (Appendix 1399 

A), Section 3.4 indicates that the ten test substances and the five spike concentrations used 1400 

for the accuracy evaluation were blinded to the testing laboratories. However, although the 1401 

four spike concentrations were blinded to the participating laboratories for the reproducibility 1402 

studies, the identity of the three test substances was not. 1403 

5.6 Lot-to-Lot Consistency of Test Substances 1404 

Lot-to-lot consistency of test substances is evaluated to ensure that the same substance, with 1405 

the same physicochemical properties, is being evaluated over the duration of the study. In 1406 

these studies, the test substances used were from released clinical lots of parenteral 1407 
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pharmaceuticals, which would imply that they had been subjected to rigorous chemical 1408 

manufacturing control analyses to verify that the compositions are consistent. In addition, the 1409 

international standard for Gram-negative endotoxin, WHO-LPS 94/580 (E. coli 1410 

O113:H10:K-), is used as the spike solution, which provides a measure of consistency for the 1411 

positive control substance, and the spike substance. 1412 

5.7 Availability of Data for External Audit 1413 

As described in Section 8.4, all records are stored and archived by the participating 1414 

laboratories and are available for inspection. 1415 
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6.0 RELEVANCE OF THE IN VITRO PYROGENICITY TEST METHODS  1416 

6.1 Accuracy of the In Vitro Pyrogenicity Test Methods 1417 

A critical component of an ICCVAM evaluation of the validation status of a method is an 1418 

assessment of its relevance. The measure of relevance used in this evaluation is the 1419 

performance of the new test in identifying pyrogens as compared to the performance of the 1420 

current reference method (ICCVAM 2003). This aspect of assay performance is typically 1421 

evaluated by calculating: 1422 

• Concordance (also referred to as Accuracy): the proportion of correct 1423 

outcomes (positive and negative) of a test method  1424 

• Sensitivity: the proportion of true positive substances that are correctly 1425 

classified as positive 1426 

• Specificity: the proportion of true negative substances that are correctly 1427 

classified as negative 1428 

• Positive predictivity: the proportion of correct positive responses among 1429 

substances testing positive 1430 

• Negative predictivity: the proportion of correct negative responses among 1431 

substances testing negative 1432 

• False positive rate: the proportion of true negative substances that are falsely 1433 

identified as positive 1434 

• False negative rate: the proportion of true positive substances that are falsely 1435 

identified as negative. 1436 

The ability of the in vitro pyrogenicity test methods to correctly identify the presence of 1437 

Gram-negative endotoxin was evaluated using parenteral pharmaceuticals spiked endotoxin 1438 

(WHO-LPS 94/580 [E. coli O113:H10:K-]). As described in Section 3.2, ten substances (see 1439 

Table 3-1) spiked with five concentrations of endotoxin were used for the evaluation. The 1440 

individual spike concentrations in each substance were tested once, using each test method, 1441 

in three different laboratories, providing a total of 150 runs (i.e., 10 substances x 5 spike 1442 

solutions x 3 laboratories = 150) for evaluation in each test method. The quality criteria 1443 
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outlined in Table 2-1 were used to identify run outliers that were subsequently excluded 1444 

from the evaluation resulting in fewer than 150 runs included in the evaluation.  1445 

As described in Section 4.2, no RPT assays were conducted in parallel with the in vitro 1446 

pyrogenicity test methods during the ECVAM validation studies. Instead, historical RPT data 1447 

from rabbits tested with endotoxin were used to establish a threshold pyrogen dose (i.e., the 1448 

endotoxin dose at which fever was induced in 50% of the rabbits), which was subsequently 1449 

used to establish the limit of detection (i.e., 0.5 EU/mL) that the in vitro test methods being 1450 

validated must meet. Accordingly, the in vitro call was compared to the "true status" (based 1451 

on the known endotoxin spike concentration) of the sample. The resulting calls were used to 1452 

construct 2x2 contingency tables, which were used to calculate the resulting test performance 1453 

values. 1454 

6.1.1 Relevance of the Cryo WB/IL-1 Test Method 1455 

Of the 150 available runs for the cryo WB/IL-1 test method, 10 showed excessive variability 1456 

among the four replicates (i.e., CV >45%), resulting in their exclusion from the analysis. An 1457 

additional 20 runs did not qualify according to one or more of the criteria outlined in Table 1458 

2-1. Therefore a total of 120 runs were used in the performance analysis which showed that 1459 

the cryo WB/IL-1 test method has a concordance of 92% (110/120), a sensitivity of 97% 1460 

(75/77), a specificity of 81% (35/43), a false negative rate of 3% (2/77), and a false positive 1461 

rate of 19% (8/43) (see Table 6-1). 1462 

1463 
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Table 6-1 Performance Analysis for Five In Vitro Pyrogenicity Test Methods1 1463 

Test 
Method 

Concordance2 Sensitivity Specificity 
False Negative 

Rate 
False Positive 

Rate 
cryo 

WB/IL-1 
91.7%  

(110/120) 
97.4% 
(75/77) 

81.4%  
(35/43) 

2.6%  
(2/77) 

18.6% 
(8/43) 

MM6/IL-6 
93.2%  

(138/148) 
95.5%  
(85/89) 

89.8%  
(53/59) 

4.5%  
(4/89) 

10.2%  
(6/59) 

PBMC/IL-
6 

93.3%  
(140/150) 

92.2% 
(83/90) 

95.0%  
(57/60) 

7.8% 
(7/90) 

5.0% 
(3/60) 

PBMC/IL-
6 (cryo)3 

91.9% 
(136/148) 

88.8% 
(79/89) 

96.6% 
(57/59) 

11.2% 
(10/89) 

3.4% 
(2/59) 

WB/IL-6 
91.9%  

(136/148) 
88.8%  
(79/89) 

96.6%  
(57/59) 

11.2%  
(10/89) 

3.4%  
(2/59) 

WB/IL-1 
81.0%  

(119/147) 
72.7%  
(64/88) 

93.2%  
(55/59) 

27.3%  
(24/88) 

6.8%  
(4/59) 

WB/IL-1 
(96-well 

plate 
method)4 

92.8%  
(129/139) 

98.8%  
(83/84) 

83.6%  
(46/55) 

1.2%  
(1/84) 

16.4%  
(9/55) 

Abbreviations: cryo = Cryopreserved; IL-1 = Interleukin-1; IL-6 = Interleukin -6; MM6 = Mono Mac 6; PBMC = Peripheral 1464 
blood mononuclear cells; WB = Whole blood 1465 
1Based on results of 10 parenteral drugs tested in each of three different laboratories; samples of each drug were tested with 1466 
or without being spiked with a Gram-negative endotoxin standard (0, 0.25, 0.5, 0.5, or 1.0 EU/mL).  1467 
2Percentage (Number of correct runs/total number of runs)  1468 
3A modification of the PBMC/IL-6 test method using cryopreserved PBMCs. 1469 
4A modification of the WB/IL-1 test method using 96-well plates instead of tubes for the test substance incubation. 1470 
 1471 

6.1.2 Relevance of the MM6/IL-6 Test Method 1472 

Of the 150 available runs for the MM6/IL-6 test method, two showed excessive variability 1473 

among the four replicates (i.e., CV >25%), resulting in their exclusion from the analysis. No 1474 

runs were excluded based on the criteria outlined in Table 2-1. Therefore a total of 148 runs 1475 

were used in the performance analysis. Based on this analysis, the MM6/IL-6 test method has 1476 

a concordance of 93% (138/148), a sensitivity of 96% (85/89), a specificity of 90% (53/59), a 1477 

false negative rate of 4% (4/89), and a false positive rate of 10% (6/59) (see Table 6-1). 1478 

6.1.3 Relevance of the PBMC/IL-6 Test Method 1479 

None of the 150 available runs for the PBMC/IL-6 test method showed excessive variability 1480 

(i.e., CV >40%) and all runs met the criteria outlined in Table 2-1. Therefore all 150 runs 1481 

were included in the performance analysis. Based on this analysis, the PBMC/IL-6 test 1482 

method has a concordance of 93% (140/150), a sensitivity of 92% (83/90), a specificity of 1483 

95% (57/60), a false negative rate of 8% (7/90), and a false positive rate of 5% (3/60) (see 1484 

Table 6-1). 1485 
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6.1.3.1 Relevance of the PBMC/IL-6 Method When Using Cryo PBMCs 1486 

As indicated in Table 2-1, the PBMC/IL-6 test method protocol was also conducted using a 1487 

modified protocol that included cryo PBMCs. None of the 150 available runs for this 1488 

modification of the PBMC/IL-6 test method showed excessive variability (i.e., CV >40%) 1489 

and all runs met the criteria outlined in Table 2-1. Therefore all runs were included in a 1490 

performance analysis. Based on this analysis, the PBMC/IL-6 test method, when using cryo 1491 

PBMCs, has a concordance of 87% (130/150), a sensitivity of 93% (84/90), a specificity of 1492 

77% (46/60), a false negative rate of 7% (6/90), and a false positive rate of 23% (14/60). The 1493 

high false positive rate can be attributed to a large number of false positives (50% [10/20]) in 1494 

one of the three laboratories (the false positive rate in the remaining two laboratories is 10%).  1495 

6.1.4 Relevance of the WB/IL-6 Test Method 1496 

None of the 150 available runs for the WB/IL-6 test method showed excessive variability 1497 

(i.e., CV >45%) and all runs met the criteria outlined in Table 2-1. However, two samples 1498 

were mishandled by one of the testing laboratories, and thus the two associated runs were 1499 

excluded from the analysis. As a result, 148 runs were included in the performance analysis 1500 

for the detection of Gram-negative endotoxin. Based on this analysis, the WB/IL-6 test 1501 

method has a concordance of 92% (136/148), a sensitivity of 89% (79/89), a specificity of 1502 

97% (57/59), a false negative rate of 11% (10/89), and a false positive rate of 3% (2/59) (see 1503 

Table 6-1). 1504 

6.1.5 Relevance of the WB/IL-1 Test Method 1505 

Of the 150 available runs for the WB/IL-1 test method, three showed excessive variability 1506 

among the four replicates (i.e., CV >45%), resulting in their exclusion from the analysis. No 1507 

runs were excluded based on the criteria outlined in Table 2-1. Therefore a total of 147 runs 1508 

were used in the performance analysis. Based on this analysis, the WB/IL-1 test method has a 1509 

concordance of 81% (119/147), a sensitivity of 73% (64/88), a specificity of 93% (55/59), a 1510 

false negative rate of 27% (24/88), and a false positive rate of 7% (4/59) (see Table 6-1). 1511 

6.1.5.1 Relevance of the WB/IL-1 Test Method When Using 96-Well Plates 1512 

As indicated in Table 2-1, the WB/IL-1 test method protocol was also conducted using a 1513 

modified protocol that used 96-well plates instead of individual tubes. Of the 150 available 1514 
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runs for this modification of the WB/IL-1 test method, 11 showed excessive variability (i.e., 1515 

CV >45%). No runs were excluded based on the criteria outlined in Table 2-1. Therefore, a 1516 

total of 139 runs were included in a performance analysis. Based on this analysis, the WB/IL-1517 

1 test method, when using 96-well plates, has a concordance of 93% (129/139), a sensitivity 1518 

of 99% (83/84), a specificity of 84% (46/55), a false negative rate of 1% (1/84), and a false 1519 

positive rate of 16% (9/55). 1520 

6.2 Summary of the Performance Statistics for In Vitro Pyrogenicity Test 1521 

Methods 1522 

The performance of five in vitro pyrogenicity test methods for the detection of Gram-1523 

negative endotoxin (based on 10 parenteral pharmaceuticals, each spiked with five 1524 

concentrations of endotoxin) was evaluated. As outlined in Table 6-1, this analysis indicated 1525 

that concordance among the test methods ranged from 81% to 93%, sensitivity ranged from 1526 

89% to 97%, specificity ranged from 81% to 97%, false negative rates ranged from 3% to 1527 

27%, and false positive rates ranged from 3% to 19%10. 1528 

6.2.1 Discordant Results  1529 

It was not possible to make a direct comparison between the RPT and in vitro pyrogenicity 1530 

test results without the availability of parallel testing data (i.e., same test substance tested 1531 

using the in vitro and in vivo methods). Therefore, in vitro results that are discordant from the 1532 

RPT could not be identified with these studies. Discordant results reflect a failure of the in 1533 

vitro test method(s) to identify Gram-negative endotoxin spiked into a test substance at the 1534 

threshold concentration (0.5 EU/mL) established based on historical data from the RPT (see 1535 

Section 4.2). 1536 

6.2.2 Strengths and Limitations of In Vitro Pyrogenicity Test Methods 1537 

The limitations of these test methods have not been fully explored and identified. For this 1538 

reason, pre-testing product specific validation will be necessary to establish if a particular test 1539 

substance/material is appropriate for evaluation using these in vitro test methods. A 1540 

                                                
10 Including the cryopreservation modification in the PBMC/IL-6 test method protocol resulted in a false 
positive rate of 23% and a false negative rate of 7%. Including the 96-well plate modification in the WB/IL-1 
test method resulted in a false positive rate of 16% and a false negative rate of 1%. 
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recognized limitation of the in vitro methods is the lack of data to determine their responses 1541 

to, and suitability for, non-endotoxin pyrogens that are known to be detected by the RPT. 1542 

However, an advantage to these in vitro test methods is that they are derived from human 1543 

tissues, and thus avoid potential uncertainty associated with cross-species extrapolation.  1544 

 1545 

 1546 

 1547 

 1548 

 1549 

 1550 

 1551 

 1552 

 1553 

 1554 

 1555 

 1556 

 1557 

 1558 
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7.0 RELIABILITY OF THE IN VITRO PYROGENICITY TEST METHODS  1559 

An assessment of test method reliability (intralaboratory repeatability and intra- and 1560 

interlaboratory reproducibility) is an essential element of any evaluation of the performance 1561 

of an alternative test method (ICCVAM 2003). Repeatability refers to the closeness of 1562 

agreement among test results obtained within a single laboratory when the procedure is 1563 

performed on the same substance under identical conditions within a given time period 1564 

(ICCVAM 1997, 2003). Intralaboratory reproducibility refers to the determination of the 1565 

extent to which qualified personnel within the same laboratory can replicate results using a 1566 

specific test protocol at different times. Interlaboratory reproducibility refers to the 1567 

determination of the extent to which different laboratories can replicate results using the 1568 

same protocol and test chemicals, and indicates the extent to which a test method can be 1569 

transferred successfully among laboratories. A reliability assessment includes a quantitative 1570 

and/or qualitative analysis of repeatability and intra- and interlaboratory reproducibility. In 1571 

addition, measures of central tendency and variation are summarized for historical control 1572 

data (negative, vehicle, positive), where applicable. 1573 

An evaluation of intralaboratory repeatability and reproducibility could be conducted because 1574 

in vitro pyrogenicity test data were available from replicate wells within individual 1575 

experiments, and from replicate experiments within the individual laboratories. In addition, 1576 

comparable data were available from each of the three laboratories that performed the 1577 

validation studies, which allowed an evaluation of interlaboratory reproducibility. 1578 

7.1 Selection Rationale for the Substances Used to Evaluate the Reliability of In 1579 

Vitro Pyrogenicity Test Methods 1580 

The quality of a reliability evaluation depends on the extent to which the substances tested 1581 

adequately represent the range of physicochemical characteristics and response levels that the 1582 

test method should be capable of evaluating.  1583 

The rationale for selecting the substances used in the validation studies was discussed in 1584 

Section 3.0. In brief, substances that were used in the ECVAM validation studies were 1585 

marketed parenteral pharmaceuticals, labeled as free from detectable pyrogens (i.e., they had 1586 

passed the RPT or BET test). No rationale for the selection of these specific test substances 1587 
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was provided. Each test substance was spiked with a series of concentrations of Gram-1588 

negative endotoxin standard (WHO-LPS 94/580 [E. coli O113:H10:K-]). Endotoxin was 1589 

selected as a “model” pyrogen for inclusion based on its availability in a standardized form. 1590 

No other pyrogenic substances are presently available in a standardized form. 1591 

7.2 Analysis of Intralaboratory Repeatability and Reproducibility 1592 

Intralaboratory repeatability analyses were performed using the OD values obtained for each 1593 

test with each spiked sample. All analyses of intra- and interlaboratory reproducibility were 1594 

performed on the classifications of pyrogenic or non-pyrogenic, rather than on the absolute 1595 

OD values generated in each run. Analyses of intralaboratory reliability typically include a 1596 

coefficient of variation (CV) analysis, which is a statistical measure of the deviation of a 1597 

variable from its mean (e.g., Holzhütter et al. 1996).  1598 

7.2.1 Intralaboratory Repeatability 1599 

In the ECVAM validation study, intralaboratory repeatability of each test method was 1600 

evaluated by testing saline and various endotoxin spikes (0.06 to 0.5 EU/mL) in saline and 1601 

evaluating the closeness of agreement among optical density readings for cytokine 1602 

measurements at each concentration. Each experiment was conducted up to three times for 1603 

each test method. Up to 20 replicates per concentration were tested and results indicated that 1604 

variability in OD measurements increased with increasing endotoxin concentration, but the 1605 

variability was not so great to interfere with distinguishing the 0.5 EU/mL spike 1606 

concentration (i.e., the threshold for pyrogenicity) from the lower concentrations. Table 7-1 1607 

details the study designs for each of these evaluations. At least four different study designs 1608 

were employed for each test method with the exception of the cryo WB/IL-1. In the ECVAM 1609 

cryo WB/IL-1 BRD (see Appendix A) Appendix D indicates that because intralaboratory 1610 

reliability was extensively evaluated in the WB/IL-1, only a subset (n=2) of these studies was 1611 

conducted as a part of a "catch-up validation" study. Based on the "acceptable" 1612 

intralaboratory performance in this subset of studies, additional studies were not considered 1613 

necessary. 1614 

 1615 
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Table 7-1 Intralaboratory Repeatability Assessed with Saline Spiked with WHO-1616 

LPS 94/580 1617 

Test Method 
Experiment Study Design 

MM6/IL-6 PBMC/IL-6 WB/IL-1 WB/IL-6 cryo WB/IL-11 
Endotoxin 

concentration 
(EU/mL) 

0, 0.25, 0.5 0, 0.25, 0.5 0, 0.5 0, 0.5 0, 0.5 

N (per spike) 20 20 32 20 32 
1A 

Repetitions of 
experiment 

1 1 1 1 1 

Endotoxin 
concentration 

(EU/mL) 

0, 0.063, 
0.125, 0.25, 

0.5 

0, 0.063, 
0.125, 0.25, 

0.5 

0, 0.063, 
0.125, 0.25, 

0.5 

0, 0.063, 
0.125, 0.25, 

0.5 

0, 0.063, 0.125, 
0.25, 0.5 

N (per spike) 12 12 12 10 12 
1B 

Repetitions of 
experiment 

1 1 1 1 1 

Endotoxin 
concentration 

(EU/mL) 
0, 0.25, 0.5 0, 0.5 0, 0.5 0, 0.25, 0.5 ND 

N (per spike) 20 8 12 8 ND 
2A 

Repetitions of 
experiment 

3 3 3 3 ND 

Endotoxin 
concentration 

(EU/mL) 
0, 0.25, 0.5 

0, 0.063, 
0.125, 0.25, 

0.5 
0, 0.25, 0.5 0, 0.5 ND 

N (per spike) 20 8 8 5 ND 
2B 

Repetitions of 
experiment 

3 3 3 8 ND 

Endotoxin 
concentration 

(EU/mL) 
ND 

0, 0.125, 
0.25, 0.5 

0, 0.5 ND ND 

N (per spike) ND 8 5 ND ND 
2C 

Repetitions of 
experiment 

ND 8 8 ND ND 

Abbreviations: cryo = Cryopreserved; EU = Endotoxin unit; IL-1 = Interleukin-1; IL-6 = Interleukin-6; LPS = 1618 
Lipopolysaccharide; MM6 = Mono Mac 6; N = number of replicates; ND = Not done; PBMC = Peripheral 1619 
blood mononuclear cells; WB = Whole blood; WHO = World Health Organization 1620 
1Assessed using saline spiked with WHO-LPS 94/580 endotoxin. 1621 
2The cryo WB/IL-1 test method was included in a catch-up validation study to assess intralaboratory reliability 1622 
in a subset of experiments (n=2).  1623 
 1624 

7.2.2 Intralaboratory Reproducibility 1625 

Intralaboratory reproducibility was evaluated using three marketed pharmaceuticals spiked 1626 

with various concentrations of endotoxin (see Table 3-2). Three identical, independent runs 1627 

conducted in each of the three testing laboratories, with the exception of the cryo WB/IL-1 1628 
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test method11. All three possible combinations were compared (i.e., run 1 vs. run 2; run 1 vs. 1629 

run 3; run 2 vs. run 3) and a mean value calculated, intended to provide an overall proportion 1630 

of inter-run agreement. In all reproducibility analyses, a single run consisted of each of the 1631 

substances assayed in quadruplicate. Acceptability criteria for each run included a CV 1632 

analysis to remove highly variable responses from the analyses. The criterion used to identify 1633 

outliers ranged from CV <0.25 to CV <0.45, depending on the method being considered, and 1634 

was arbitrarily set based on results using saline spiked with endotoxin. For example, for the 1635 

MM6/IL-6 test method, the CV for any single spike concentration was ≤ 0.12, and therefore, 1636 

the outlier criterion was set at 0.25.  1637 

Agreement between different runs was determined for each substance in three laboratories. 1638 

As shown in Table 7-2, the agreement across three runs in an individual lab ranged from 1639 

75% to 100%.1640 

                                                
11 The ECVAM cryo WB/IL-1 test method BRD states that there was no direct assessment of intralaboratory 
reproducibility because such an evaluation was performed in the WB IL-1 (fresh blood) test method, and the 
authors assume that variability is not affected by the change to cryopreserved blood assayed in 96-well plates. 
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Table 7-2 Intralaboratory Reproducibility of In Vitro Pyrogenicity Test Methods 1641 

WB/IL-1 Cryo WB/IL-1 WB/IL-6 PBMC/IL-6 MM6/IL-6 Run 
Comparison1 Lab 1 Lab 2 Lab 3 Lab 

1 
Lab 

2 
Lab 

3 
Lab 1 Lab 2 Lab 3 Lab 1 Lab 2 Lab 3 Lab 1 Lab 2 Lab 3 

1 vs 2 
92% 

(11/12) 
100% 
(8/8) 

100% 
(12/12) ND3 ND ND 

75% 
(9/12) 

92% 
(11/12) 

100% 
(12/12) 

92% 
(11/12) 

100% 
(12/12) 

100% 
(12/12) 

100% 
(12/12) 

92% 
(11/12) 

100% 
(12/12) 

1 vs 3 
83% 

(10/12) 
88% 
(7/8) 

92% 
(11/12) 

ND ND ND 
100% 

(12/12) 
92% 

(11/12) 
100% 

(12/12) 
100% 

(12/12) 
100% 

(12/12) 
92% 

(11/12) 
100% 

(12/12) 
92% 

(11/12) 
92% 

(11/12) 

2 vs 3 
92% 

(11/12) 
NA4 

92% 
(11/12) 

ND ND ND 
75% 

(9/12) 
92% 

(11/12) 
100% 

(12/12) 
92% 

(11/12) 
100% 

(12/12) 
92% 

(11/12) 
100% 

(12/12) 
100% 

(12/12) 
92% 

(11/12) 
Mean 89% - 95% ND ND ND 83% 92% 100% 95% 100% 95% 100% 95% 95% 

Agreement2 
across 3 runs 

83% - 92% ND ND ND 75% 92% 100% 92% 100% 94% 100% 92% 92% 

Abbreviations: Cryo = Cryopreserved; IL-1 = Interleukin-1; IL-6 = Interleukin-6; MM6 = Mono Mac 6; NA = Not assessed; ND = Not done; WB = Whole blood 1642 
1Comparison between 3 individual runs within each laboratory 1643 
2All possible combinations of runs among the 3 laboratories were compared 1644 
3Not done. The cryo WB/IL-1 BRD states that an assessment of intralaboratory reproducibility was performed using the WB IL-1 (fresh blood) test method, and it was assumed 1645 
that intralaboratory variability would not be affected by the change to cryopreserved blood assayed in 96-well plates. 1646 
4Not assessed due to lack of sufficient data. The sensitivity criteria were not met for 1/3 substance in run 2, and 1/3 substance in run 3. 1647 
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7.2.3 Interlaboratory Reproducibility 1648 

Interlaboratory reproducibility was evaluated in two different studies. In both studies, each 1649 

run from one laboratory was compared with all runs of another laboratory. The proportions 1650 

of similarly classified samples provide a measure of reproducibility. In the first study, in a 1651 

similar manner as the evaluation of intralaboratory reproducibility, the interlaboratory 1652 

reproducibility was evaluated using results from three marketed pharmaceuticals spiked with 1653 

endotoxin and tested three times in each of the three laboratories. As shown in Table 7-3, the 1654 

agreement across three laboratories for each test method (where three runs per laboratory 1655 

were conducted) ranged from 58% to 86%, depending on the test method considered. In 1656 

comparison, the agreement across three laboratories for the cryo WB/IL-1 test method, for 1657 

which only one run per laboratory was conducted, was 92%. 1658 

 1659 

Table 7-3 Interlaboratory Reproducibility of In Vitro Pyrogenicity Test Methods 1660 

Agreement Between Laboratories1 Lab 
Comparison1 WB/IL-1 Cryo WB/IL-1 WB/IL-6 PBMC/IL-6 MM6/IL-6 

1 vs 2 
92% 

(77/84)2 
92% 

(11/12)3 
72% 

(78/108) 
81% 

(87/108) 
97% 

(105/108) 

1 vs 3 
77% 

(83/108) 
92% 

(11/12)3 
75% 

(81/108) 
86% 

(93/108) 
89% 

(96/108) 

2 vs 3 
68% 

(57/84)2 
92% 

(11/12)3 
97% 

(105/108) 
89% 

(96/108) 
86% 

(93/108) 
Mean 79% 92% 81% 85% 90% 

Agreement 
across 3 labs4 

58% 
(167/288)2 

92% 
(11/12)3 

72% 
(234/324) 

78% 
(252/324) 

86% 
(279/324) 

Abbreviations: Cryo = Cryopreserved; IL-1 = Interleukin-1; IL-6 = Interleukin-6; MM6 = Mono Mac 6; WB = Whole blood 1661 
1Data from three substances (see Table 3-2) spiked with endotoxin (WHO-LPS 94/580 [E. coli O113:H10:K-]) at 0, 0, 0.5 1662 
and 1.0 EU/mL tested three times in three different laboratories, with the exception of cryo WB/IL-1 (only the preliminary 1663 
run from each laboratory used for analysis) 1664 
2Some of the runs did not meet the assay acceptance criteria and therefore were excluded from the analysis. 1665 
3For the cryo WB/IL-1 test method, each substance tested only once in each laboratory. 1666 
4All possible combinations of runs among the 3 laboratories were compared (with the exception of cryo WB/IL-1, which 1667 
was only tested once in each laboratory, resulting in only one possible combination per substance). 1668 
 1669 

In the second study, reproducibility was evaluated with the same ten substances used for 1670 

evaluating accuracy. In this study, each of the substances was spiked with five concentrations 1671 

of endotoxin and tested once in each of three laboratories. As shown in Table 7-4, the 1672 

agreement across three laboratories for each test method ranged from 57% to 88%, 1673 

depending on the test method considered. The levels, and order of agreement among 1674 
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laboratories was the same for both studies; the WB/IL-1 test method showed the least 1675 

agreement (57-58%) and the cryo WB/IL-1 test method showed the most (88-92%)12. 1676 

 1677 

Table 7-4 Interlaboratory Reproducibility of In Vitro Pyrogenicity Test Methods 1678 

Agreement Between Laboratories1 Lab 
Comparison1 WB/IL-12 Cryo WB/IL-1 WB/IL-6 PBMC/IL-63 MM6/IL-6 

1 vs 2 
73% 

(35/48) 
84% 

(38/45) 
85% 

(41/48) 
84% 

(42/50) 
90% 

(45/50) 

1 vs 3 
82% 

(40/49) 
88% 

(21/24) 
85% 

(41/48) 
86% 

(43/50) 
90% 

(43/48) 

2 vs 3 
70% 

(33/47) 
100% 

(25/25) 
88% 

(44/50) 
90% 

(45/50) 
83% 

(40/48) 
Mean 75% 91% 86% 87% 88% 

Agreement 
across 3 labs 

57% 
(27/47) 

88% 
(21/24) 

79% 
(38/48) 

80% 
(40/50) 

81% 
(39/48) 

Abbreviations: Cryo = Cryopreserved; IL-1 = Interleukin-1; IL-6 = Interleukin-6; MM6 = Mono Mac 6; WB = Whole blood 1679 
1Data from 10 substances spiked with endotoxin (WHO-LPS 94/580 [E. coli O113:H10:K-]) at 0, 0.25, 0.5, 0.5, and 1.0 1680 
EU/mL tested once in three different laboratories 1681 
2Interlaboratory reproducibility was also evaluated for the modified WB/IL-1 test method protocol (i.e., 96-well plates, see 1682 
Table 2-1) in which the reproducibility between laboratories ranged from 83% to 92% (mean=89%) and the agreement 1683 
across three labs was 83%. 1684 
3Interlaboratory reproducibility was also evaluated for the modified PBMC/IL-6 test method protocol (i.e., cryo PBMCs, see 1685 
Table 2-1) in which the reproducibility between laboratories ranged from 76% to 96% (mean=84%) and the agreement 1686 
across three labs was 76%. 1687 

 1688 

7.3 Historical Positive and Negative Control Data 1689 

No historical control data were provided for any of the five in vitro pyrogenicity test 1690 

methods. However, the intralaboratory repeatability analysis described in Section 7.2.1 1691 

included repeat testing of both spiked (0.5 EU/mL endotoxin) and unspiked saline, and the 1692 

accumulated positive and negative control values, respectively for each of the methods. As a 1693 

result, the database that was accumulated during the ECVAM validation studies provides an 1694 

indication of the range and variability in responses for the positive and negative controls.  1695 

                                                
12 Interlaboratory reproducibility was also evaluated for the modified PBMC/IL-6 test protocol (i.e., cryo PBMCs, see Table 
2-1) in which the reproducibility between laboratories ranged from 76% to 96% (mean=84%) and the agreement across 
three labs was 76%. 
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8.0 TEST METHOD DATA QUALITY 1696 

8.1 Adherence to National and International GLP Guidelines 1697 

Ideally, all data supporting the validity of a test method should be obtained and reported in 1698 

accordance with GLP guidelines, which are nationally and internationally recognized rules 1699 

designed to produce high-quality laboratory records. GLPs provide a standardized approach 1700 

to report and archive laboratory data and records, and information about the test protocol to 1701 

insure the integrity, reliability, and accountability of a study (OECD 1998: U.S. EPA 2003a, 1702 

2003b; FDA 2003).  1703 

The ECVAM validation studies for the five proposed methods were carried out in accordance 1704 

with GLP guidelines and all deviations from GLP compliance are noted in the BRDs. 1705 

Although no direct statement of GLP compliance was provided for the historical RPT data 1706 

provided in the ECVAM BRDs, the studies were conducted at the Paul Ehrlich Institute 1707 

(PEI), which is a German Federal Agency for Sera and Vaccines that provides regional 1708 

support for German regulatory authorities, is qualified for granting marketing approval of 1709 

certain marketed biological products (e.g., sera, vaccines, test allergens), and is a WHO 1710 

collaborating center for quality assurance of blood products and in vitro diagnostics 1711 

(http://www.pei.de).  1712 

8.2 Data Quality Audits 1713 

Formal assessments of data quality, such as a quality assurance (QA) audit, generally involve 1714 

a systematic and critical comparison of the data provided in a study report with the laboratory 1715 

records generated for the study. No attempt was made to formally audit the quality of the 1716 

data presented in the five ECVAM BRDs. However, as indicated in Section 5.2, the raw data 1717 

from the validation studies are available from the participating laboratories for a quality 1718 

analysis.  1719 

8.3 Impact of Deviations from GLP Guidelines 1720 

The impact of the deviations from the GLP guidelines, as reported in the ECVAM BRDs, 1721 

was not evaluated. 1722 

 1723 
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8.4 Availability of Laboratory Notebooks or Other Records 1724 

All records are stored and archived by the participating laboratories and are available for 1725 

inspection. 1726 

8.5 Need for Data Quality 1727 

Data quality is a critical component of the validation process. To ensure data quality, 1728 

ICCVAM recommends that all data generated during the validation of a method be available, 1729 

along with the detailed protocol(s) under which the data were produced. Original data should 1730 

be available for examination, as should supporting documentation such as laboratory 1731 

notebooks. Ideally, the data should adhere to GLP guidelines (ICCVAM 1997). Data 1732 

protocols for the validation studies summarized here are available from ECVAM (see 1733 

Appendix A), and the data from the individual laboratories are available for inspection, as 1734 

indicated in Section 8.4. 1735 

 1736 

 1737 
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9.0 OTHER SCIENTIFIC REPORTS AND REVIEWS 1738 

9.1 Summaries of In Vitro Pyrogenicity Test Methods and Data from Published 1739 

and Unpublished Studies 1740 

Data from the in vitro pyrogenicity methods proposed in the ECVAM submission are 1741 

provided in Appendix A and were used in the performance analyses described in Section 6.0 1742 

and Section 7.0. A FR notice (Vol. 70, No. 241, pp. 74833-74834, Dec 16, 2005) was 1743 

published requesting the submission of data from the RPT, the BET, and from in vitro 1744 

pyrogenicity testing with the five test methods described in this BRD. No data were received 1745 

in response to this notice.  1746 

NICEATM conducted a prescreen evaluation of the ECVAM BRDs to verify that the 1747 

information contained fulfilled the requirements prescribed in the ICCVAM submission 1748 

guidelines (ICCVAM 2003). Based on this evaluation, the PWG requested additional data for 1749 

the proposed methods to support many of the claims in the ECVAM BRD (e.g., the ability to 1750 

detect both endotoxin and non-endotoxin pyrogens). In response to this request, ECVAM 1751 

provided supplemental information that included unpublished data from in vitro pyrogenicity 1752 

tests as an attempt to address these issues (see Appendix B).  1753 

As indicated in Section 1.5, NICEATM conducted an online literature search for relevant 1754 

information on the proposed test methods using multiple internet databases (i.e., PubMed, 1755 

SCOPUS, TOXLINE, Web of Science). This search revealed nine additional scientific 1756 

publications that contained data from in vitro pyrogenicity product testing. Some of these 1757 

studies contained comparisons of the results obtained in the in vitro method(s) with those 1758 

obtained in the RPT and/or BET (see Tables 9-1 to 9-8). These studies were not included in 1759 

previous sections of the BRD because they used a different method or protocol, or because 1760 

they lacked sufficient information for an evaluation of accuracy and reliability (e.g., an 1761 

adequate validation study design was not included, a standardized reference pyrogen was not 1762 

used). Summaries of these published studies and available data from the in vitro pyrogenicity 1763 

methods are presented below. 1764 
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9.1.1 Andrade et al. (2003) 1765 

The authors evaluated the utility of human PBMCs and diluted WB for in vitro pyrogenicity 1766 

tests and compared the responses to those obtained in the BET and RPT for the same diverse 1767 

sampling of parenteral pharmaceuticals and biological products (see Tables 9-1 and 9-2). 1768 

Interference testing of each substance was performed with spikes of the international 1769 

endotoxin standard (i.e., WHO-LPS 94/580). These studies established an endotoxin 1770 

detection limit of 0.06 EU/mL for both in vitro assays, and the results were consistent with 1771 

those from the BET and RPT. The authors concluded that both the PBMC and WB methods 1772 

were comparable to the BET and the RPT in their ability to detect and quantify the presence 1773 

of endotoxin. In addition, the WB test method was able to detect concentration-dependent IL-1774 

6 release on exposure of WB to non-endotoxin pyrogens and pyrogens from Gram-positive 1775 

organisms (i.e., Candida albicans and Staphylococcus aureus). 1776 

1777 
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 1777 

Table 9-1  Results of Pyrogenicity Testing of Pharmaceutical/Biological Products in 1778 

the Human PBMC Assay, the BET, and the RPT1  1779 

Product 
Number of 
Batches2 

PBMC (EU/mL) BET (EU/mL) RPT 

Ampicillin - 1000 mg/5 ml A 1 <6 <0.06 Pass 
Ampicillin - 1000 mg/5 ml A 1 <6 <0.06 Pass 
Gentamycin - 80 mg/2 mL 2 <3 <0.06 Pass 
Oxacillin - 500 mg/5 mL 2 <3 <0.06 Pass 
Enoxaparin - 100 mg/mL 3 <1.2 <0.06 Pass 
Insulin 100 - U/mL 2 <3 <0.06 Pass 
Tenoxican - 40mg/2 mL 1 <6 <0.06 Pass 
Metoclopramide - 10 mg/2 mL 4 <3 <0.06 Pass 
Calcium folinate - 50 mg/5 mL 1 <2.4 <0.06 Pass 
Ranitidine - 25 mg/mL 2 <6 1.2-2.4 Pass 
Pantoprazol - 40 mg/10 mL 1 <3 <0.06 Pass 
Human serum albumin - 20% 1 <4.8 0.48-0.96 Pass 
Erythropoietin - 4000 IU/vial A 1 <1.2 0.48-0.96 Pass 
Erythropoietin - 2000 IU/vial B 1 112 ± 101 491-983 Fail 
Erythropoietin - 4000 IU/vial C 1 <1.2 <0.06 Pass 
recG-CSF - 200 µg/vial A 3 <0.6 <0.06 Pass 
Saline solution - 0.9% A 1 <0.3 <0.06 Pass 
Abbreviations: BET = Bacterial Endotoxin Test; CSF = Colony Stimulating Factor; PBMC = Peripheral blood mononuclear 1780 
cells; rec = Recombinant; RPT = Rabbit pyrogen test; SD = Standard deviation  1781 
1From Andrade et al. (2003)  1782 
2Batch results were combined; PBMC and BET study values represent a mean±SD value or consensus detection limits (n=3 1783 
donors; 4 replicates from each donor). 1784 
 1785 

1786 
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 1786 
Table 9-2  Results of Pyrogenicity Testing of Pharmaceutical/Biological Products by 1787 

the Human WB Culture Assay, the BET, and the RPT1  1788 

Product 
Number of 
Batches2 

WB Culture 
(EU/mL) 

BET  
(EU/mL) 

RPT 

Dipyrone - 500 mg/mL 3 <24 <0.06 Pass 
Amikacin - 500 mg/2 mL 2 <12 <0.06 Pass 
Ampicillin - 1000 mg/5 ml A 1 <6 <0.06 Pass 
Ampicillin - 1000 mg/5 ml A 1 <6 <0.06 Pass 
Gentamycin - 80 mg/2 mL 2 <6 <0.06 Pass 
Oxacillin - 500 mg/5 mL 2 <6 <0.06 Pass 
Vancomycin - 500 mg/5 mL 2 <6 <0.06 Pass 
Enoxaparin - 100 mg/mL 3 <0.6 <0.06 Pass 
Heparin - 5000 IU/mL 2 <0.6 <0.06 Pass 
Insulin - 100 U/mL 3 <6 <0.06 Pass 
Ketoprofen - 100 mg/2mL 1 <6 <0.06 Pass 
Diclofenac - 75 mg/3 mL 1 <12 <0.06 Pass 
Tenoxicam - 40 mg/2 mL 2 <6 <0.06 Pass 
Metoclopramide - 10 mg/2 
mL 

3 <3 <0.06 Pass 

Cytarabine - 100 mg/5mL 1 <1.2 <0.06 Pass 
Calcium folinate - 50 mg/5 
mL 

1 <0.6 <0.06 Pass 

Ranitidine - 25 mg/mL 1 <6 1.2-2.4 Pass 
Pantoprazol - 40 mg/10 mL 1 <6 <0.06 Pass 
Furosemide - 10 mg/mL 2 <0.6 <0.06 Pass 
rec-hGH - 4 IU/vial A 2 <0.2 <0.06 Pass 
rec-hGH - 4 IU/vial B 1 12.4±2.51 15.84-31.68 Pass 
Human serum albumin - 20% 1 <2.4 0.48-0.96 Pass 
Erythropoietin - 4000 IU/vial 
A 

1 0.76 0.48-0.96 Pass 

Erythropoietin - 2000 IU/vial 
B 

1 141±2.81 491-983 Fail 

Erythropoietin - 4000 IU/vial 
C 1 <0.6 <0.06 Pass 

recG-CSF - 300 µg/vial 3 <0.6 <0.06 Pass 
Saline solution 0.9% A 2 <0.3 <0.06 Pass 
Saline solution 0.9% B 1 44.8±51 48-96 Fail 
Glucose - 0.5% 1 2054±951 1920-3840 Fail 
Vitamin K - 10 mg/mL 2 <6 <0.06 Pass 

Abbreviations: BET = Bacterial Endotoxin Test; CSF = Colony Stimulating Factor ; hGH = Human growth hormone; rec = 1789 
recombinant; RPT = Rabbit pyrogen test; SD = Standard deviation; WB = Whole Blood  1790 
1From Andrade et al. (2003) 1791 
2Batch results were combined; PBMC and BET study values represent a mean±SD value or consensus detection limits (n= 3 1792 
donors; 4 replicates from each donor). 1793 
 1794 

1795 
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 1795 

9.1.2 Bleeker et al. (1994) 1796 

This study measured IL-6 release from PBMCs as an indicator of pyrogenicity for in vitro 1797 

safety testing of hemoglobin (Hb) solutions. The authors demonstrated that pure, 1798 

polymerized Hb produced under aseptic conditions did not induce or inhibit IL-6 production, 1799 

whereas production under non-aseptic conditions led to IL-6 release, which was also seen 1800 

with the BET. Based on these findings, the authors concluded that IL-6 release from isolated 1801 

PBMCs provides a sensitive indicator of endotoxin contamination in Hb solutions. The 1802 

observed detection limit for endotoxin in Hb solutions (below 0.4 EU/mL), led the authors to 1803 

suggest that this test method would be more sensitive to the presence of endotoxin than the 1804 

RPT.  1805 

9.1.3 Carlin and Viitanen (2003) 1806 

Using WB and MM6-based in vitro pyrogenicity methods, this study evaluated the pyrogenic 1807 

potential of a multivalent vaccine, Infanrix® (GlaxoSmithKline) that contains protein and 1808 

polysaccharide components from both Gram-positive and Gram-negative bacteria. The five 1809 

Infanrix® vaccines studied (e.g., Infanrix®, Infanrix® Hep B, Infanrix® polio, Infanrix® hexa, 1810 

and Infanrix® polio Hib) contain Gram-positive bacterial components that are potentially 1811 

pyrogenic but not detectable in the BET. IL-6 production in the WB/IL-6 test method varied 1812 

among the seven donor blood samples in response to each of the five vaccines. Some donor 1813 

samples produced a weak or no IL-6 release and others produced a large release (Table 9-3). 1814 

However, IL-6 production from any single donor was similar to all vaccines when tested at 1815 

various times. The variability in the magnitude of response to each vaccine among donors 1816 

and the consistency of the response of any single donor was also seen when IL-1β was used 1817 

as a marker. IL-6 release from WB was also examined following exposure to three 1818 

concentrations of endotoxin standard (0.2, 2, and 20 pg/1.2 mL). All donor WB samples 1819 

released IL-6 in a concentration responsive manner. 1820 

The IL-6 release from MM6 cells (Table 9-4) exposed to the five Infanrix® vaccines was 1821 

measured using an ELISA assay and compared to the responses induced by three 1822 

concentrations of endotoxin standard (0.2, 2, and 20 pg/1.2 mL) in three separate 1823 

experiments. The MM6 cells produced minimal responses to the vaccines when compared to 1824 
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WB, but released significant amounts of IL-6 in response to high concentrations of 1825 

endotoxin. However, IL-6 induction by two different endotoxin standards in MM6 cells was 1826 

strongly attenuated (>80% inhibition) when either of two vaccines (Infanrix® and Infanrix® 1827 

Hep-B) was present (data not included in Table 9-4). Based on these studies, the authors 1828 

suggested that a BET or RPT result might not correlate with the human fever response one 1829 

might expect in humans immunized with such vaccines, because the production of 1830 

proinflammatory cytokines may be compromised by various components in the vaccine 1831 

product, and because Gram-positive components in the vaccines would not be detected in the 1832 

BET. 1833 
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Table 9-3  IL-6 Production from WB after Exposure to Endotoxin or Five Infanrix® Vaccines1,2  1834 

Endotoxin  Vaccine  
 (Absorbance in ELISA; n=43) Experiment 

(Blood 
Donor) Endotoxin 

(pg/1.2 mL) 
Absorbance 

(ELISA) 

Dilution 
(µL 

vaccine/1.2 mL 
Infanrix® 

Infanrix® Hep-
B Infanrix® Hexa 

Infanrix® 
Polio 

Infanrix® Polio 
Hib 

0.2 0.47 0.03 0.945 1.052 1.069 0.869 1.082 
2 0.971 0.3 1.826 2.055 2.014 1.832 1.919 
20 1.116 3 2.826 2.587 2.638 2.609 2.2 

1 

 
0.2 0.001 0.03 0.149 0.256 0.231 NT 0.284 
2 0.127 0.3 0.869 0.847 1.095 NT 0.933 
20 0.764 3 1.998 1.986 2.187 NT 1.685 

2 

 
0.2 -0.007 0.03 0.005 0.037 0.009 0.007 0.208 
2 0.09 0.3 0.275 0.457 0.282 0.321 0.261 
20 0.811 3 0.941 1.057 0.795 1.284 1.325 

3 

 
0.2 0.006 0.03 0.056 0.053 0.028 0.088 0.104 
2 0.043 0.3 0.165 0.312 0.44 0.309 0.533 
20 0.458 3 1.229 1.489 1.476 1.181 1.242 

4 

 
0.2 0.043 0.03 - 0.071 -0.003 -0.003 0.011 
2 0.024 0.3 0.007 0.014 0.004 0.03 0.05 
20 0.435 3 0.042 0.164 0.008 0.08 0.12 

5 

 
0.2 0.013 0.03 -0.009 -0.018 -0.01 -0.022 0.012 
2 0.022 0.3 -0.007 -0.008 0.005 -0.019 -0.007 
20 0.569 3 0.132 0.411 0.042 0.132 0.188 

6 

 
0.2 0.036 0.03 -0.012 -0.012 -0.01 -0.014 0.07 
2 0.014 0.3 -0.01 -0.01 -0.012 -0.011 -0.013 
20 0.436 3 0.183 0.274 0.045 0.183 0.525 

7 

 
Abbreviations: ELISA = Enzyme-linked immunosorbent assay; Hep = Hepatitis; IL-6 = Interleukin-6; NT = Not tested; WB = Whole blood 1835 
1From Carlin and Viitanen (2003)  1836 
2WB was challenged with endotoxin standard or vaccine in pyrogen-free water to provide the final concentration and incubated overnight at 37°C.  1837 
3Duplicate samples were run in two separate experiments. 1838 
 1839 
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 1840 

Table 9-4  IL-6 Production by MM6 Cells after Exposure to Endotoxin or Five Infanrix® Vaccines1,2  1841 

Endotoxin  
Vaccine  

 (Absorbance in ELISA; 250,000 MM6 cells); n=43 
MM6 
Batch Endotoxin 

(pg/1.2 
mL) 

Absorbance 
in IL-6 
ELISA 

Dilution 
(µL 

vaccine/1.2 
mL 

Infanrix® 
Infanrix® 

Hep-B 
Infanrix® 

Hexa 
Infanrix® 

Polio 
Infanrix® 
Polio Hib 

0.2 -0.001 0.3 0.013 0.014 0.001 0.002 -0.001 
2 0.026 3 0.078 0.158 0.06 0.105 0.07 
20 0.383 30 0.054 0.052 0.053 0.106 0.089 

1 

        
0.2 -0.001 0.3 0.004 0.01 0.001 0.003 0.004 
2 0.025 3 0.033 0.062 0.019 0.037 0.032 
20 0.4 30 0.013 0.012 0.018 0.038 0.038 

2 

        
0.2 -0.009 0.3 -0.012 -0.017 -0.021 -0.014 -0.019 
2 0.03 3 0.019 0.05 0.01 0.043 0.026 
20 0.192 30 -0.018 -0.012 -0.007 0 0.005 

3 

        
Abbreviations: ELISA = Enzyme-linked immunosorbent assay; IL-6 = Interleukin-6; MM6 = Mono Mac 6 1842 
1From Carlin and Viitanen (2003) 1843 
2MM6 cells were stimulated with endotoxin standard or vaccine in pyrogen-free water to provide the final concentration and incubated overnight at 37°C.  1844 
3n = Duplicate samples were run in two separate experiments. 1845 
 1846 
 1847 
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9.1.4 Carlin and Viitanen (2005) 1848 

This study provides support for the findings from a previous study (Carlin and Viitanen 1849 

(2003) in which the authors demonstrated IL-6 release by a WB method in response to 1850 

pyrogenic or spiked multivalent vaccine preparations that were inactive in the BET. It also 1851 

confirms that IL-6 was released from WB of some, but not all donors. The present study 1852 

demonstrates that IL-6 release in susceptible donors was caused by toxoids from Gram-1853 

positive diphtheria, and to a lesser extent, from tetanus bacterial components of the vaccines. 1854 

The WB donors were studied for two years and their responses to the individual vaccines, 1855 

whether responsive or non-responsive, were consistent. The responses of these donors to 1856 

Gram-negative endotoxin or LTA from Gram-positive bacteria were consistent and 1857 

confirmed the findings of Fennrich et al. (1999) with respect to the consistency of responses 1858 

among several hundred blood donors to endotoxin. The authors concluded that individual 1859 

donor-specific differences in IL-6 release from WB exposed to the multivalent vaccines 1860 

resulted from toxoids present in the diphtheria or tetanus component, and noted that these 1861 

donor-specific responses to the vaccines were not observed in the BET.  1862 

9.1.5 Daneshian et al. (2006) 1863 

This study describes the development of a modification to the WB/IL-1 method termed 1864 

AWIPT (Adsorb, Wash, In Vitro Pyrogen Test). The authors indicate that this modification is 1865 

intended to increase sensitivity to the presence of endotoxin contamination by isolating 1866 

endotoxin from WB. To accomplish this, the sample containing endotoxin (naturally 1867 

occurring or spiked) is treated with HSA covalently linked to macroporous acrylic beads. The 1868 

HSA-treated beads bind the endotoxin, which is subsequently eluted from the beads. The 1869 

WB/IL-1 test method is therefore performed using a slightly modified protocol in which the 1870 

diluted WB is incubated overnight with the sample in the bead suspension.  1871 

The results showed that HSA-coated beads bind endotoxin in a concentration-dependent 1872 

manner (when spiked with 0, 25, 50, and 100 pg/mL LPS), but little or none was bound to 1873 

unmodified beads. The test showed a detection limit of 25 pg/mL LPS (i.e., 0.25 EU/mL), 1874 

which is less sensitive than the BET (3 pg/mL) and slightly lower than the RPT (50 pg/mL). 1875 

IL-1β secretion in response to either LPS or LTA was generally higher using the AWIPT 1876 

procedure, but the concentrations of LPS or LTA needed to induce a response were similar; 1877 
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thus the sensitivity of this test modification was comparable to that of the unmodified 1878 

WB/IL-1 test method (Note: Additional data received from ECVAM suggests that 1879 

modification of the AWIPT is capable of increasing the sensitivity for detection of endotoxin 1880 

from the current 0.25 EU/mL to 0.0001 EU/mL [see Appendix B]). 1881 

Daneshian et al. studied the kinetics of cytokine release from WB in response to a challenge 1882 

with 2 pg/mL endotoxin. IL-1β release in the AWIPT-treated samples lagged slightly behind 1883 

that of the standard WB/IL-1 test in the 0 to 8 hr time period, whereas more IL-1β was 1884 

produced in the AWIPT-treated samples in the 10 to 30 hr time period. Some 1885 

immunomodulatory or toxic cancer drug samples tested in the WB/IL-1 method interfered 1886 

with the WB/IL-1 assay and required a higher dilution (1/10 to 1/100) to detect IL-1β. 1887 

Detection of endotoxin spiked into these test samples (measured as IL-1β release) generally 1888 

occurred at lower dilutions in AWIPT than in the WB/IL-1 test method, suggesting that the 1889 

interfering substances were removed by the procedure. For example, five dilutions (ranging 1890 

from 1/3 to 1/316) of liposomal daunorubicin were spiked with 25 pg/mL of endotoxin and 1891 

detection of IL-1β was compared between the two methods. This cytokine was not detectable 1892 

in the WB/IL-1 method (< 30% of the IL-1β released by endotoxin) at any drug dilution, 1893 

whereas in the AWIPT, IL-1β was detected at drug dilutions of 1/32, 1/100, and 1/316 1894 

(>78% of the IL-1β released by endotoxin).  1895 

The authors concluded that the inclusion of endotoxin adsorption and washing steps in the 1896 

WB/IL-1 method (i.e., the AWIPT) to remove potentially interfering substances improved 1897 

the detection of pyrogenic contaminants in immunomodulatory and toxic cancer drug 1898 

samples. They suggest that the AWIPT method offers an improvement for safety testing of 1899 

products administered to patients, and for batch control in pharmaceutical processing.  1900 

9.1.6 Eperon et al. (1996, 1997) 1901 

Eperon and colleagues developed an in vitro test system for measuring pyrogenic substances 1902 

using two clones derived from MM6 cells (H.W.L. Ziegler-Heitbrock, University of Munich) 1903 

and one from a THP-1 cell line (European Collection of Animal Cell Cultures (Porton Down, 1904 

Salisbury, United Kingdom). These clones are reported to be phenotypically stable over time 1905 

with respect to their superior responsiveness to endotoxin than the parent cell lines. 1906 

Endotoxin content was measured by the release of TNF-α using an immunoassay. These 1907 
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clones demonstrate high LPS sensitivity when non-pyrogenic fetal calf serum is used in the 1908 

assay as a serum supplement. Enhanced expression of the cell-surface endotoxin receptor 1909 

CD14 was obtained by pretreatment of the cells for two days with calcitrol. Purified 1910 

endotoxin (i.e., LPS; smooth strain and rough mutant), other cellular components from 1911 

Gram-negative or Gram-positive bacteria, and Mycobacteria were tested. The MM6 clones 1912 

responded to these pyrogenic products in an order of potency of detection equivalent to that 1913 

found in the RPT and similar to that observed in the BET (i.e., Gram-negative endotoxin > 1914 

Gram-positive material > non-endotoxin pyrogens). The response of the THP-1 clone was 1915 

similar to that of the MM6 clones, except that the THP-1 clone did not respond to 1916 

diphosphoryl lipid A, a structural component of LPS.  1917 

Pyrogenicity testing of a panel of stable blood products including albumin and 1918 

Immunoglobulin G (IgG) for parenteral use produced similar results in the RPT and MM6 or 1919 

THP-1 clones when tested as received (i.e., free of detectable pyrogens) or positive results 1920 

when spiked with 20 EU/mL endotoxin (Table 9-5) with a few exceptions. For example, in 1921 

the cell-based test, there was one borderline, but significant positive result in an unspiked 1922 

sample (i.e., false positive relative to the RPT). In the BET, 4 of 13 (31%) unspiked samples 1923 

tested positive (i.e., false positive). The results suggest that the cell-based assays may 1924 

produce fewer false positives than the BET.  1925 

When ten bacterial and viral vaccine preparations were evaluated, the monocytoid cell-based 1926 

test method (e.g., combined results from two experiment with each cell line) correlated well 1927 

with the RPT (positive or negative for endotoxin) with the exception of one preparation that 1928 

produced nearly 10-fold less TNF-α than the other samples, and was near the limit of 1929 

detection, but not statistically significant different from the negative control (Table 9-6). The 1930 

authors suggest that these cloned monocytoid cell-based test methods are valid in vitro 1931 

alternatives for detection of endotoxin in commercial preparations, and produce results 1932 

comparable to the RPT and BET.  1933 

1934 
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 1934 

Table 9-5 Pyrogenic Activity of Blood Preparations for Parenteral Use1  1935 

Preparation Endotoxin Spike RPT2 BET3,4 Cell Test5,6 

20 EU/mL + + + 
20 EU/mL + + + 

- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 

IgG for i.v. use 

- - - - 
20 EU/mL + + + 
20 EU/mL + + + 

- - - - 
- - - - 
- - - - 
- - - - 

Albumin 

- - - - 
 

Test threshold7  Δt = 1.5°C 300 pg/mL 
LPS 

50 pg/mL 
TNF 

Abbreviations: BET = Bacterial Endotoxin Test; ELISA = Enyme-linked immunosorbent assay; EU = 1936 
Endotoxin Units; IgG = Immunoglobulin G; i.v. = Intravenous; LPS = lipopolysaccharide; RPT = Rabbit 1937 
pyrogen test; TNF = Tumor necrosis factor 1938 
1From Eperon et al. (1997)  1939 
2n=3 1940 
3n=2 1941 
4Haemachem BET assay (St. Louis) 1942 
5n=4 [Note: cell type not specified, although author's claim that either MM6 or THP-1 are equally capable of 1943 
endotoxin detection] 1944 
6TNF induction was determined using a commercial TNF ELISA. 1945 
7RPT threshold was obtained from the European Pharmacopoeia; the threshold for the BET and cell-based test 1946 
methods was considered to be equal to 2 standard deviations from the mean of a set of negative samples. 1947 
 1948 

1949 
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Table 9-6  Pyrogenic Activity of Vaccine Preparations1  1949 

Vaccine Preparation2 Batch3 Cell Test4 Pyrogenicity 

A-1  n.d.5 - 
IgG for i.m. use  

A-2 n.d. - 
B-1 10.8±0.3 + 
C-1 6.0±3.6 + Bacterial vaccines 
D-1 1.4±1.8 - 
E-1 n.d. - 
E-2 n.d. - 
F-1 n.d. - 
F-2 n.d. - 

Viral vaccines 

G-1 21.2±3.2 + 
Abbreviations: IgG = Immunoglobulin G; i.m. = Intramuscular; n.d. = Non-detectable 1950 
1From Eperon et al. (1997) 1951 
2Vaccine solutions were tested at 1/20 (v/v) 1952 
3Letters refer to distinct types of vaccine preparations; numbers to different lots 1953 
4TNF-α production in ng/mL±S.E.M (n=3) [Note: cell type not specified, although author's claim that either 1954 
MM6 or THP-1 are equally capable of endotoxin detection] 1955 
5No measurable quantity of cytokine was detected. 1956 
 1957 
 1958 

9.1.7 Pool et al. (1998) 1959 

This study describes a WB assay for the detection of pyrogens in blood products. IL-6 release 1960 

from WB in response to endotoxin is used to define a pyrogenic response. This assay was 1961 

highly responsive to Escherichia coli endotoxin (i.e., the limit of detection of endotoxin was 1962 

1.25 EU/mL), and also responded to whole bacteria (E. coli and Bacillus subtilis 1963 

[B.subtilus]). There was considerable variation in IL-6 levels released from WB between 1964 

donors following exposure to endotoxin, but each donor response was always linear. The 1965 

pyrogenicity of production batches of human serum albumin (HSA), fibronectin (Fn), and 1966 

stabilized human serum (SHS) solutions were evaluated using the WB method and compared 1967 

to the BET and RPT. Spike recovery in batches of these samples varied between 90 and 1968 

116% for E. coli endotoxin, 74 to 111% for B. subtilis, and 61 to 99% for E. coli and the 1969 

products tested did not interfere with the IL-6 assay system. Good correlations were found 1970 

among the WB, BET, and RPT assay results (Table 9-7). Of 22 products tested, the WB 1971 

assay and the RPT were in agreement (i.e., pass or fail) for all tests, while one sample was 1972 

classified as negative in the BET, but positive in both the WB method and the RPT. The 1973 

detection limit for endotoxin by the WB method was 1.25 EU/mL, which is lower than the 1974 

established pyrogen cut-off level (as stated in the European Pharmacopoeia) for the products 1975 
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under investigation (i.e., 2 EU/mL for HSA and SHS; 4.5 EU/mL for Fn). The authors 1976 

concluded that the WB assay was able to detect both Gram-negative and a Gram-positive 1977 

pyrogens and exhibited greater sensitivity to endotoxin than the RPT.  1978 

 1979 

Table 9.7  Comparison of the WB test, BET, and the RPT for Detecting the 1980 

Pyrogenicity of Production Batches of Biological Products1  1981 

Product Batch WB (EU/mL)2 BET RPT 
Fn3195 <0.05 Pass Pass 
Fn3296 <0.05 Pass Pass Fibronectin - 0.5 mg/mL 
Fn3596 1.28 Pass Pass 
B274 29.4 Fail Fail 
B291 <0.05 Pass Pass 
B293 <0.05 Pass Pass 
B294 <0.05 Pass Pass 
B295 <0.05 Pass Pass 
B296 <0.05 Pass Pass 
B297 <0.05 Pass Pass 
B298 1 Pass Pass 
B299 1.1 Pass Pass 

B300S 1 Pass Pass 
B301 <0.05 Pass Pass 

Human serum albumin - 
200 mg/mL 

B302 >20 Pass3 Fail 
SS349 0.7 Pass Pass 
SS350 <0.05 Pass Pass 
SS351 <0.05 Pass Pass 
SS352 0.5 Pass Pass 
SS353 <0.05 Pass Pass 
SS354 0.6 Pass Pass 

Stabilized human serum - 
50 mg/mL 

SS355 0.5 Pass Pass 
Abbreviations: BET = Bacterial Endotoxin Test; ELISA = Enzyme-linked immunosorbent assay; EU = Endotoxin Units; IL-1982 
6 = Interleukin-6; WB = Whole blood; RPT = Rabbit pyrogen test 1983 
1From Pool et al. (1998) 1984 
2Result based on IL-6 secretion in human WB using an ELISA calibrated to an E. coli endotoxin standard (Kabi 1985 
Diagnostica). 1986 
3False negative relative to the RPT response 1987 
 1988 
 1989 

1990 
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9.1.8 Taktak et al. (1991) 1990 

This paper summarizes the development of an in vitro pyrogenicity test method based on IL-1991 

6 release from MM6 cells. A detectable level of IL-6 was released in response to 2.5 pg/mL 1992 

of endotoxin, yielding a level of sensitivity of 25 pg/mL when testing 5% HSA at a 1/10 1993 

dilution for the presence of endotoxin. Three batches of a therapeutic HSA that caused fever 1994 

in humans were positive in the MM6/IL-6 method, whereas the same substances were 1995 

negative in the BET and the RPT (Table 9-8). As in the BET, the samples required a 1/10 1996 

dilution to remove interfering substances, and had assay sensitivity equal to that of the BET 1997 

(25 pg/mL) and 40-fold greater than the RPT (1000 pg/mL). The authors suggest that the 1998 

MM6/IL-6 method represents an important alternative to the existing pyrogen tests and may 1999 

be a more appropriate end product test for the detection of pyrogens in parenteral products, 2000 

such as HSA, that cannot be detected in the BET. 2001 

2002 
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 2002 

Table 9-8  Results of Pyrogenicity Testing of Batches of Therapeutic HSA Using the 2003 

MM6/IL-6, BET, and RPT1  2004 

Endotoxin Quantitation by the 
BET 

Batch of HSA 
Endotoxin Quantitation 

by IL-6 Release 
(pg/mL) IU/mL pg/mL6 

RPT Result 
 

12 97±2.33,4 1.0-2.0 140-280 Pass 
22 30±2.84 2.4-3.2 336-448 Pass 
32 31±2.34 0.5-0.75 70-105 Pass 
4 <255 <0.24 <34 Pass 
5 <255 3.6-4.87 504-762 Pass 
6 <255 <0.26 <36 Pass 

Abbreviations: BET = Bacterial Endotoxin Test; HSA = Human serum albumin; IL-6 = Interleukin-6; IU = 2005 
International units; pg = Picograms; RPT = Rabbit pyrogen test 2006 
1From Taktak et al. (1991) 2007 
2Batch of HSA used that caused fever in humans. 2008 
3Mean±S.E.M. 2009 
4Values are significantly different from subthreshold concentrations of endotoxin (<2.5 pg/mL; p<0.001). 2010 
5Values below the detection limit of the test system (25 EU/mL); preparations of HSA were tested at a dilution 2011 
of 1/10 and 2.5 pg/mL endotoxin was the lowest concentration of endotoxin tested that evoked a significant 2012 
release of IL-6. 2013 
61.0 IU=0.14 ng for preparation used. 2014 
7False positive relative to RPT. 2015 
 2016 

2017 
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 2017 

9.2 Conclusions from Scientific Literature Based on Independent Peer-Reviewed 2018 

Reports and/or Reviews 2019 

Hartung et al. (2001) provided a summary report of an ECVAM-sponsored workshop to 2020 

review the current status of pyrogen testing, to review the capabilities of new pyrogen tests, 2021 

and to provide recommendations for their continued development. The need for alternatives 2022 

to the RPT and the BET was discussed, and their respective limitations were highlighted. The 2023 

workshop compared the utility of the various methods (i.e., in vitro pyrogenicity test 2024 

methods, BET, RPT) for testing a variety of pyrogenic materials. Workshop conclusions 2025 

indicated a need for alterative test methods to address the limitations of the BET and RPT, 2026 

but stressed the need for appropriate validation of any new method.  2027 

An additional nine reports describing studies of cell-based in vitro pyrogenicity methods 2028 

were obtained from the literature search described in Section 9.1 and representative of the 2029 

alternative in vitro pyrogenicity methods considered in the ECVAM workshop. Although 2030 

these reports did not include data on test substances that could be used in the performance 2031 

analysis in Section 6.0 and Section 7.0, they did evaluate the use of the in vitro pyrogenicity 2032 

test methods for sensitivity to endotoxin (i.e., endotoxin detection limit), specificity of the 2033 

response to endotoxin and/or non-endotoxin pyrogens (i.e., spectrum and relative potency of 2034 

various pyrogens detected), and/or the impact of interfering substances. A summary of each 2035 

study is presented below.  2036 

9.2.1 De Groote et al. (1992) 2037 

The authors measured the release of various cytokines (IL-1β, IL-6, TNF-α, IL-2, IFN-γ, 2038 

and granulocyte-macrophage colony stimulating factor [GM-CSF]) in response to endotoxin 2039 

or phytohaemagglutinin (PHA) stimulation of WB and PBMC cultures. Endotoxin stimulated 2040 

IL-1β, TNF-α, and IL-6 release, while PHA stimulated IL-2, IFN-γ, and GM-CSF release. 2041 

There was a significant correlation between production of the three endotoxin-induced 2042 

cytokines and the number of monocytes in the challenged culture, suggesting that monocytes 2043 

are the major source of these cytokines: the other cytokines did not correlate with any of the 2044 

cell types. The data also suggested that WB produced less variable levels of cytokines than 2045 
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PBMC on exposure to endotoxin. Consistent results were obtained with the WB test using 2046 

more than 50 different blood donors. The authors suggest that WB is a more appropriate 2047 

choice for studying cytokine production in vitro and its modulation by exogenous or 2048 

endogenous factors, because natural cell-to-cell interactions are preserved, immune 2049 

mediators are available, and cytokine levels obtained with PBMC were more variable.  2050 

9.2.2 Fennrich et al. (1999) 2051 

Fennrich and colleagues compared a commercially available human WB/IL-1 pyrogenicity 2052 

assay (PyroCheck® from DPC Biermann, Bad Nauheim distributed by Millenia, UK) to the 2053 

BET and RPT. There was a concentration-dependent IL-1β release in WB that was incubated 2054 

with nitrocellulose filters containing live E. coli bacteria and E. coli killed by heat or by 2055 

antibiotics. The authors also tested air conditioning filters from a veterinary sheep facility 2056 

and identified filters to be contaminated with bacteria that were later confirmed by 2057 

microbiological tests (the data and the identity of the organisms identified were not 2058 

presented). The authors compared the PyroCheck®, BET, and the RPT (Table 9-9) and 2059 

concluded that PyroCheck® is a simple, accurate test that detects a wider range of pyrogens 2060 

than the BET.  2061 

2062 
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 2062 

Table 9-9  Comparison of the Application Spectra of the RPT, the BET, and the 2063 

Human WB Assay (PyroCheck®)1  2064 

Applications 
Test 

PyroCheck® BET RPT 

Gram-negative + + + 
Gram-positive + - + Pyrogens 

Fungi + - + 
Biologicals + - + 

Pharmaceuticals + + + 
Medical devices + +2 - 

Air quality +2 +2 - 
Product pyrogenicity 

Blood products + - - 
Abbreviations: BET = Bacterial Endotoxin Test; RPT = Rabbit pyrogen test; WB = Whole blood 2065 
1From Fennrich et al. (1999) 2066 
2Based on preliminary data 2067 
 2068 
 2069 

9.2.3 Hansen and Christensen (1990) 2070 

This study compared the results from PBMC exposed to endotoxin or ultraviolet light-killed 2071 

S. aureus as an index of pyrogenicity, and then compared these results to the BET and the 2072 

RPT. The authors used human PBMC obtained from heparinized peripheral blood and 2073 

measured IL-1-like material in culture supernatants by evaluating co-mitogenic activity on 2074 

PHA-stimulated murine thymocytes (measured in units of IL-1β where 1 unit is defined as 2075 

the concentration that gives 50% of the maximal incorporation of 3H-thymidine in the 2076 

thymocyte assay). The endpoint is referred to as an IL-1-like material because other 2077 

cytokines such as IL-2, IL-6, and TNFα may also stimulate the proliferative response of the 2078 

thymocytes. When exposed to endotoxin, PBMC secreted cytokines in a concentration-2079 

dependent manner that provided a limit of detection of 200 pg/mL of endotoxin. In 2080 

comparison, the BET can normally detect 10 to 100 pg/mL of endotoxin, while the RPT can 2081 

detect 500 pg/mL. Therefore, the PBMC procedure had a level of detection of endotoxin 2.5-2082 

fold lower than that of the RPT and 2-fold higher than the BET. The PBMCs also responded 2083 

with greater sensitivity to the Gram-positive pyrogen S. aureus (105 cells/mL), which was not 2084 

detected in the BET (109 cells/mL). Based on these results, the authors proposed that the 2085 

PBMC test be used as an alternative in vitro test to the BET and RPT. 2086 
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9.2.4 Hartung and Wendel (1996) 2087 

The authors stimulated human WB with various inflammatory agents to release endogenous 2088 

cytokines (IL-1β, TNFα) and inflammatory mediators (PGE2) as an in vitro method for the 2089 

detection of pyrogenic materials. Cytokines were released in a concentration-dependent 2090 

manner following exposure to endotoxin or LTA. Heat-killed Gram-positive bacteria (S. 2091 

aureus) or components of these organisms (i.e., muropeptides, LTA, enterotoxins, 2092 

streptolysin O) and plant mitogens such as phorbol myristate acetate (PMA) and PHA also 2093 

produced a cytokine response. Higher concentrations (three orders of magnitude) of the 2094 

Gram-positive pyrogens were needed to elicit a response as compared to Gram-negative 2095 

pyrogenic material. 2096 

Studies to determine the variability among the responses of different donor WB samples 2097 

were also performed. Only two of the 18 donor samples released IL-1β in response to 1 2098 

pg/mL of endotoxin, but all responded to 10 pg/mL endotoxin. The release of IL-1β from the 2099 

WB samples of 45 individual donors exposed to 100 ng/mL of endotoxin was also consistent. 2100 

Based on these results, the authors suggested using the WB/IL-1 test method as an in vitro 2101 

alternative to the RPT. 2102 

9.2.5 Moesby et al. (1999) 2103 

Moesby and colleagues compared pyrogenicity testing using MM6 cells, isolated PBMC, and 2104 

the BET. LPS and ultraviolet light (UV)-killed Gram-negative Staphylococcus. typhimurium 2105 

(S. typhimurium) or Gram-positive S. aureus produced concentration-dependent increases in 2106 

IL-6 production in MM6 or PBMC cultures. PBMC, but not MM6 cells, were able to 2107 

differentiate UV-irradiated yeast (C. albicans) and mold (Aspergillus niger) pyrogens, as 2108 

evidenced by statistically significant increases in IL-6 production. The BET can detect Gram-2109 

negative endotoxin, but not Gram-positive endotoxin or LTA (the pyrogenic component of 2110 

Gram-positive bacteria), and it may weakly detect yeast or viral pyrogens that the MM6 2111 

assay could not detect. Therefore, the authors suggest that pyrogen testing using MM6 cells 2112 

would be a useful supplement to the BET for the detection of both Gram-negative and Gram-2113 

positive bacteria.  2114 
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9.2.6 Nakagawa et al. (2002)  2115 

Nakagawa and colleagues describe an in vitro pyrogen test system based on pro-2116 

inflammatory cytokine release from a sub-clone of MM6 cells (i.e., MM6-CA8) and compare 2117 

this response to a human WB culture system and the RPT. Similar to MM6 cells, MM6-CA8 2118 

were developed for superior reactivity to both endotoxin and peptidoglycan (PG). The MM6-2119 

CA8 cells release IL-6, TNF-α, and IL-1, but in greater quantities than MM6 cells in the 2120 

range of 1 to 1000 pg/mL of endotoxin (up to 4-fold greater) or to 1 to 1000 ng/mL PG (up to 2121 

10-fold greater) compared to MM6 cells. The range of responses of human WB to the various 2122 

pyrogens was similar to that of the MM6-CA8 cells. The relative potencies of the various 2123 

pyrogens in the RPT were similar to those of the cytokine-induction potencies in the WB and 2124 

MM6-CA8 methods, except for polyinosinic:polycytidylic acid (Poly [I:C]), which was 2125 

reported to be 10,000-fold more potent as a pyrogen injected in rabbits when compared to 2126 

humans. The authors conclude that these results suggest MM6-CA8 cells can detect a variety 2127 

of pyrogens using IL-6 as the marker, and that these responses are highly relevant to the 2128 

prediction of human fever reactions. 2129 

9.2.7 Pool et al. (1999) 2130 

This article describes a method to differentiate between endotoxin and non-endotoxin 2131 

pyrogens when testing HSA solutions in a WB culture assay. Detection limits for four Gram-2132 

positive (Bacillus stearothermophilus [B. stearothermophilus], B. subtilis, Micrococcus 2133 

luteus, and S. aureus) and four Gram-negative bacteria (E. coli, Kleibsiella pneumoniae, 2134 

Proteus vulgaris, and Pseudomonas aeruginosa) were expressed as the number of whole 2135 

bacteria required to produce a pyrogenic response equal to that of 1.25 EU/mL endotoxin. B. 2136 

stearothermophilus and E. coli produced concentration-dependent increases in IL-6 2137 

production. The cationic antibiotic Polymyxin B, which inhibits the binding of endotoxin to 2138 

the CD14 receptor, produced concentration-dependent inhibition of IL-6 release following 2139 

exposure to 10 EU/mL endotoxin in the WB assay at concentrations up to 1 EU/mL and 2140 

completely inhibited IL-6 release at concentrations above 2 EU/mL. In contrast, Polymyxin 2141 

B had no effect on IL-6 release following exposure to B. subtilis. These data suggest that 2142 

Polymyxin B may be useful for differentiating endotoxin and non-endotoxin pyrogenic 2143 

contaminants. The data also suggests that binding of endotoxin to Polymyxin B (e.g., by 2144 

linkage to an affinity column) may be used in the depyrogenation process. 2145 
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9.2.8 Poole et al. (2003) 2146 

This paper describes a rapid single-plate in vitro test for the presence of pyrogenic substances 2147 

based on monocyte activation. The assay uses polyclonal antibodies to IL-6 or TNFα 2148 

cytokines, coated and stabilized onto 96-well plates. Monocytoid cells (e.g., PBMC, MM6 or 2149 

THP-1 cells), endotoxin standard (LPS), test sample, and a second biotinylated antibody 2150 

specific for the cytokine (e.g., either IL-6 or TNF-α) are incubated for 2 to 4 hr in the 2151 

antibody-coated wells. An ELISA for one of the cytokines is then performed on the washed 2152 

plate. IL-6 is preferred and provides a limit of detection of 0.015 EU/mL with PBMC, 0.05 2153 

EU/mL in MM6 cells, and 0.03 EU/mL with diluted WB. The amount of TNF-α released in 2154 

WB in response to endotoxin was approximately 50 to 70% lower than IL-6, but was released 2155 

earlier (i.e., 2 hr vs. 4 hr). The amount of IL-6 released on exposure to endotoxin tended to be 2156 

greater in this single plate test when compared to the traditional two plate test (i.e., in which 2157 

the supernatant from one plate is transferred to a second plate for the ELISA) using PBMCs, 2158 

MM6 cells, THP-1 cells, or WB. The authors report that this single plate assay using IL-6 2159 

release as the endpoint can be completed in 5 hr, and that this time could be reduced to 3 hr 2160 

using TNFα as the endpoint (because it is released earlier from the cells). The authors also 2161 

suggest that this single plate test method is readily adaptable to high throughput assays.  2162 

9.2.9 Schindler et al. (2004) 2163 

The authors optimized conditions for use of cryopreserved human WB in pyrogen testing to 2164 

obviate the need for fresh WB. The release of IL-1β from fresh and cryo WB collected from 2165 

five donors was used as the measure of endotoxin presence. Challenge with 0.5 or 1.0 2166 

EU/mL endotoxin resulted in IL-1β release in bloods from all donors, although kinetic 2167 

studies suggested that IL-1β release was delayed one hour in the cryopreserved samples. 2168 

Cryopreservation did not appear to alter the spectrum of detectable pyrogens or immune 2169 

stimuli when results were compared to that of fresh WB, and no cytokine release was 2170 

measured in materials that fresh WB did not respond to. Seven clinical-grade (i.e., endotoxin-2171 

free) parenteral products spiked with 0.5 EU/mL of endotoxin revealed that there was less 2172 

interference in cryo WB than in fresh WB based on lower minimal interference dilutions that 2173 

were always at or below the maximal valid dilution (MVD) for each product. The data 2174 

showed that a broad variety of drugs could be tested for pyrogenic contaminants using cryo 2175 
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WB while maintaining the endotoxin limit concentration (ELC) established in the various 2176 

Pharmacopoeias.  2177 

 2178 

 2179 

2180 
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10.0 ANIMAL WELFARE CONSIDERATIONS (REFINEMENT, REDUCTION, 2196 

AND REPLACEMENT) 2197 

10.1 How the Five In Vitro Test Methods Will Refine, Reduce, or Replace Animal 2198 

Use 2199 

ICCVAM promotes the scientific validation and regulatory acceptance of new methods that 2200 

refine, reduce, or replace animal use where scientifically feasible. Refinement, Reduction, 2201 

and Replacement are known as the three "Rs" of animal protection. These principles of 2202 

humane treatment of laboratory animals are described as: 2203 

• refining experimental procedures such that animal suffering is minimized; 2204 

• reducing animal use through improved science and experimental design; and  2205 

• replacing animal models with non-animal procedures (e.g., in vitro 2206 

technologies), where possible (Russell and Burch 1959) 2207 

The in vitro pyrogenicity test methods address each of these animal welfare considerations. 2208 

The assays use monocytoid cells of human origin, obtained either from whole blood 2209 

donations or from an immortalized cell line. The currently accepted pyrogenicity test 2210 

methods require the use of either rabbits (RPT) or horseshoe crab haemolymph (BET). 2211 

Because isolated cells are treated in these human cell assays, treatment-related pain and 2212 

suffering are avoided in live animals. The capability of these five in vitro assays to detect 2213 

Gram-negative endotoxin, suggests that they may reduce or replace the use of rabbits and/or 2214 

horseshoe crabs for pyrogen testing. However, the RPT will detect classes of pyrogens that 2215 

have not been examined/validated in the human cell tests, and therefore may still need to be 2216 

used in certain circumstances. 2217 

10.2 Requirement for the Use of Animals 2218 

10.2.1 Rationale for the Use of Animals 2219 

Non-human animal species are not used for these in vitro tests. As indicated above, the in 2220 

vitro pyrogenicity methods use monocytoid cells of human origin obtained from either an 2221 

immortalized cell line (MM6/IL-6) or whole blood donations (WB/IL-1, WB/IL-6, cryo 2222 

WB/IL-1, and PBMC/IL-6) within a short time before the test is to be performed. Therefore, 2223 
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human volunteers are required for four of the five methods. Standard phlebotomy techniques 2224 

are used to obtain the blood samples. The only pain and distress experienced by the donor 2225 

would be associated with the collection procedure (i.e., needle stick), which is commonplace 2226 

in medical procedures. The use of an experienced phlebotomist perform the collection should 2227 

minimize pain and distress. As indicated in Section 2.2.2, blood samples from up to five 2228 

donors are required for a single assay, depending on the method under consideration.  2229 

 2230 

 2231 
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11.0 PRACTICAL CONSIDERATIONS 2232 

Several issues are taken into account when assessing the practicality of using an in vitro test 2233 

method in place of an in vivo test method. In addition to reliability and accuracy evaluations, 2234 

assessments of the laboratory equipment and supplies needed to carry-out the in vitro test 2235 

method, level of personnel training, labor costs, and the time required to complete the test 2236 

method relative to the in vivo test method are necessary. The time, personnel cost, and effort 2237 

required to conduct the proposed test method(s) must be considered to be reasonable when 2238 

compared to the in vivo test method it is intended to replace. 2239 

11.1 Transferability of the In Vitro Pyrogenicity Test Methods 2240 

Test method transferability addresses the ability of a method to be accurately and reliably 2241 

performed by multiple laboratories (ICCVAM 2003), including those experienced in the 2242 

particular type of procedure, and otherwise competent laboratories with less or no experience 2243 

in the particular procedure. The degree of transferability of a test method can be evaluated by 2244 

its interlaboratory reproducibility. ECVAM measured the transferability (i.e., interlaboratory 2245 

reproducibility) of each assay among experienced laboratories. The results obtained, and 2246 

presented in Tables 7-3 and 7-4, provide an estimate of the minimum variability to be 2247 

expected; interlaboratory variability is anticipated to be greater (i.e., lower transferability) 2248 

among laboratories having less experience with the assays.      2249 

11.1.1 Facilities and Major Fixed Equipment 2250 

A standard laboratory facility for sterile tissue culture is necessary for performing the in vitro 2251 

pyrogenicity methods described here. The major equipment necessary to conduct the tests are 2252 

readily available and include, a laminar flow hood, tissue culture incubator, water bath, and 2253 

spectrophotometric microplate reader.  2254 

In contrast, the RPT requires a facility that meets applicable State and Federal regulations for 2255 

the care and housing of laboratory animals. The primary expense for equipping a facility to 2256 

conduct the RPT would be the acquisition of an adequate animal room and associated 2257 

housing (e.g., cages, bedding, food, water, etc.) for boarding animals during the study, and 2258 

specifically trained animal care support personnel. 2259 

 2260 
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11.1.2 General Availability of Other Necessary Equipment and Supplies. 2261 

The equipment and supplies necessary to conduct the in vitro pyrogenicity test methods (e.g., 2262 

micropipetters, sterile tissue culture vessels, disposable plastic ware, assay reagents) are 2263 

readily available in most scientific laboratories, or can be obtained from any of several 2264 

scientific laboratory equipment vendors.   2265 

The RPT requires fewer general laboratory supplies. Those that are needed are readily 2266 

available in most toxicity testing laboratories, or could be readily obtained from any of a 2267 

number of scientific laboratory equipment vendors.    2268 

11.2 Personnel Training Considerations 2269 

Training considerations are defined as the level of instruction needed for personnel to 2270 

conduct the test method accurately and reliably (ICCVAM 2003). Evaluation of the levels of 2271 

training and expertise needed to conduct the test method, as well as the training requirements 2272 

needed to insure that personnel are competent in the test procedures, are discussed below. 2273 

11.2.1 Required Training and Expertise Needed to Conduct the In Vitro Pyrogenicity Test 2274 

Methods 2275 

Laboratory personnel require training in the relevant enzyme immunoassay protocols and the 2276 

aseptic techniques associated with mammalian tissue culture. The quality criteria associated 2277 

with each in vitro test method may be used to ensure that personnel are competent in the 2278 

performance of the various procedures. When a technician has mastered all aspects of the 2279 

protocol, and can independently conduct the assay such that the quality criteria have been 2280 

met, the individual is considered to have demonstrated proficiency in the assay.  2281 

The RPT requires training in the care and handling of laboratory animals, and the collection 2282 

of accurate rectal temperature measurements at the appropriate time intervals from each 2283 

rabbit. The laboratory personnel must be adequately trained to maintain the animals, and to 2284 

accurately and consistently record the proper body temperature. It is not known what, if any, 2285 

proficiency requirements are in place for the RPT. 2286 
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11.3 Cost Considerations 2287 

In addition to the major fixed equipment, there are three additional factors that contribute to 2288 

the cost of the proposed in vitro methods: 1) cost of the monocytoid cell line (i.e., Mono Mac 2289 

6); 2) cost of the reagents for the ELISA procedure; and 3) labor costs for laboratory 2290 

personnel.   2291 

Because the proposed in vitro test methods are relatively more labor-intensive than the RPT, 2292 

it is estimated that the cost of any these in vitro methods would be more than that of the BET 2293 

or the RPT. However, because these test methods are amenable to high throughput screening 2294 

in a properly equipped laboratory, these increased costs could be considerably reduced.  2295 

Another consideration is the need for a laboratory animal veterinarian, the housing and care 2296 

of the rabbits before, during, and after the test, and the cost of replacement rabbits, where 2297 

necessary. These costs could offset the one-time costs of the tissue culture equipment and 2298 

microplate reader. 2299 

11.4 Time Considerations 2300 

The in vitro pyrogenicity methods require two working days for completion. On the first day, 2301 

blood is drawn and the test materials are prepared and incubated with the monocytoid cells. 2302 

On the second day, the cytokine release from the cells is determined by immunoassay. The 2303 

BET and RPT can both be completed within one working day. However, depending on the 2304 

specific protocol employed, the RPT could require additional testing in up to 12 animals, 2305 

which would extend the time to completion.  2306 

 2307 
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13.0 GLOSSARY13 2454 

Amebocytes: The blood cells of the horseshoe crab (Limulus polyphemus or Tachypleus 2455 

tridentatus) that contain the active components of the reagent used in the bacterial endotoxin 2456 

test (i.e., amebocyte lysate). 2457 

Assay2: The experimental system used. Often used interchangeably with "test" and "test 2458 

method." 2459 

Bacterial Endotoxin Test (BET)3: A test used to quantify endotoxins of Gram-negative 2460 

bacterial origin using amebocyte lysate from the horseshoe crab (Limulus polyphemus or 2461 

Tachypleus tridentatus). There are two types of techniques for this test: the gel-clot 2462 

techniques, which are based on gel formation, and the photometric techniques. The 2463 

photometric techniques include the turbidimetric technique, which is based on the 2464 

development of turbidity after cleavage of an endogenous substrate, and a chromogenic 2465 

method, which is based on the development of color after cleavage of a synthetic peptide-2466 

chromogen complex. 2467 

Coded substances: Substances labeled by code rather than name so that they can be tested 2468 

and evaluated without knowledge of their identity or anticipation of test results. Coded 2469 

substances are used to avoid intentional or unintentional bias when evaluating laboratory or 2470 

test method performance. 2471 

Coefficient of variation: A statistical representation of the precision of a test. It is expressed 2472 

as a percentage and is calculated as follows: 2473 

 2474 
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13 The definitions in this Glossary are restricted to their uses with respect to the Rabbit Pyrogen Test, 
the in vitro pyrogenicity test methods included in this BRD, and the Limulus Amebocyte Lysate 
(LAL) assay. 
2From ICCVAM (2003) 
3From USP (2005) 
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Concordance2: The proportion of all substances tested that are correctly classified as 2477 

positive or negative. It is a measure of test method performance and one aspect of 2478 

“relevance.” The term is often used interchangeably with “accuracy” (see also “two-by-two” 2479 

table). Concordance is highly dependent on the prevalence of positives in the population 2480 

being examined. 2481 

Endogenous pyrogens: Various cytokines including interleukins (e.g., IL-1α, IL-1β), tumor 2482 

necrosis factor (i.e., TNF-α, TNF-β), and interferon (IFN-γ) released from leukocytes in 2483 

response to external stimuli (e.g., endotoxin) capable of causing an increase in body 2484 

temperature above the normal level. 2485 

Endotoxin Limit Concentration (ELC): The concentration at which endotoxin is 2486 

considered to be pyrogenic. It is expressed as the ratio of the threshold pyrogen dose (K) and 2487 

the rabbit pyrogen test dose or the maximum human dose administered on a weight (kg) basis 2488 

in 1 hr (M) defined as K/M. The ELC varies based on M.  2489 

• The FDA ELC for non-intrathecal medical devices is 0.5 EU/mL 2490 

• The FDA ELC for intrathecal medical devices is 0.06 EU/mL 2491 

Endpoint2: The biological or chemical process, response, or effect assessed by a test method.  2492 

False negative2: A substance incorrectly identified as negative by a test method. 2493 

False negative rate2: The proportion of all positive substances falsely identified by a test 2494 

method as negative (see “two-by-two” table). It is one indicator of test method accuracy. 2495 

False positive2: A substance incorrectly identified as positive by a test method. 2496 

False positive rate2: The proportion of all negative substances that are falsely identified by 2497 

a test method as positive (see “two-by-two” table). It is one indicator of test method 2498 

accuracy. 2499 

Fever: Elevation of body temperature above the normal level.  2500 

Good Laboratory Practices (GLP)2: Regulations promulgated by the U.S. Food and Drug 2501 

Administration and the U.S. Environmental Protection Agency, and principles and 2502 

procedures adopted by the Organization for Economic Cooperation and Development and 2503 
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Japanese authorities that describe record keeping and quality assurance procedures for 2504 

laboratory records that will be the basis for data submissions to national regulatory agencies. 2505 

Hazard2: The potential for an adverse health or ecological effect. A hazard potential results 2506 

only if an exposure occurs that leads to the possibility of an adverse effect being manifested. 2507 

Interlaboratory reproducibility2: A measure of whether different qualified laboratories 2508 

using the same protocol and test substances can produce qualitatively and quantitatively 2509 

similar results. Interlaboratory reproducibility is determined during the prevalidation and 2510 

validation processes and indicates the extent to which a test method can be transferred 2511 

successfully among laboratories. 2512 

Intralaboratory repeatability2: The closeness of agreement between test results obtained 2513 

within a single laboratory when the procedure is performed on the same substance under 2514 

identical conditions within a given time period. 2515 

Intralaboratory reproducibility2: The first stage of validation; a determination of whether 2516 

qualified people within the same laboratory can successfully replicate results using a specific 2517 

test protocol at different times. 2518 

In Vitro: In glass. Refers to assays that are carried out in an artificial system (e.g., in a test 2519 

tube or Petri-dish) and typically use single-cell organisms, cultured cells, cell-free extracts, or 2520 

purified cellular components.  2521 

In Vivo: In the living organism. Refers to assays performed in multi-cellular organisms. 2522 

Lipopolysaccharide (LPS): A complex of lipid and carbohydrate (endotoxin) released from 2523 

the cell walls of Gram-negative organisms that is pyrogenic and capable of producing septic 2524 

shock. 2525 

Lipoteichoic acid (LTA): A polyol phosphate polymer bearing a strong negative charge that 2526 

is covalently linked to the peptidoglycan in Gram-positive bacteria. It is strongly antigenic, 2527 

but is generally absent in Gram-negative bacteria and therefore is considered to be the 2528 

primary pyrogenic component of Gram-positive bacteria. 2529 
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Minimum Valid Concentration (MVC): The concentration of a product when it is diluted 2530 

to the maximum valid dilution (MVD) expressed as λM/K, where: 2531 

• λ  = The sensitivity of the LAL reagent used expressed as EU/mL. The value 2532 

varies with the method used. For the gel-clot method it is the labeled LAL 2533 

sensitivity (EU/mL). For the chromogenic, turbidometric, or kinetic-2534 

turbidometric LAL test methods it is the lowest point used in the standard 2535 

curve. 2536 

• M = The maximum human dose for pyrogenicity administered on a weight 2537 

basis (kg) in 1 hr, or the rabbit pyrogen test dose (whichever is larger). It is 2538 

one of the variables used to define the Endotoxin Limit Concentration (ELC) 2539 

defined as the ratio of K/M, where K is the threshold pyrogen dose in rabbits 2540 

or humans. 2541 

• K = See threshold pyrogen dose. 2542 

Maximum Valid Dilution (MVD): When a USP Endotoxin Limit Concentration (ELC) is 2543 

defined, the MVD is the ratio of the product of the ELC and the product potency to the LAL 2544 

reagent sensitivity (λ) expressed as ([ELC x Product Potency]/λ). If there is no official USP 2545 

ELC defined, then the MVD is the ratio of the Product Potency/Minimum Valid 2546 

Concentration (MVC). 2547 

Monocytoid cells: Cells obtained from peripheral blood or grown in culture that 2548 

phenotypically resemble monocytes or macrophages. 2549 

Negative control: An untreated sample containing all components of a test system, except 2550 

the test substance solvent, which is replaced with a known non-reactive material, such as 2551 

water. This sample is processed with test substance-treated samples and other control 2552 

samples to determine whether the solvent interacts with the test system. 2553 

Negative predictivity2: The proportion of correct negative responses among substances 2554 

testing negative by a test method (see “two-by-two” table). It is one indicator of test method 2555 

accuracy. Negative predictivity is a function of the sensitivity of the test method and the 2556 

prevalence of negatives among the substances tested. 2557 
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Parenteral: Introduction into the body by some means other than through the 2558 

gastrointestinal tract; referring particularly to intravenous (i.v.), intramuscular (i.m.), 2559 

subcutaneous (s.c.), or intrathecal (i.t.) injection. 2560 

Performance2: The accuracy and reliability characteristics of a test method (see “accuracy, 2561 

reliability”). 2562 

pH: A measure of the acidity or alkalinity of a solution. A pH of 7.0 is neutral; higher pHs 2563 

are alkaline, lower pHs are acidic. 2564 

Positive control: A sample containing all components of a test system and treated with a 2565 

substance known to induce a positive response, which is processed with the test substance-2566 

treated and other control samples to demonstrate the sensitivity of each experiment and to 2567 

allow for an assessment of variability in the conduct of the assay over time.   2568 

Positive predictivity2: The proportion of correct positive responses among substances 2569 

testing positive by a test method (see “two-by-two” table). It is one indicator of test method 2570 

accuracy. Positive predictivity is a function of the sensitivity of the test method and the 2571 

prevalence of positives among the substances tested. 2572 

Prevalence2: The proportion of positives in the population of substances tested (see “two-by-2573 

two” table).  2574 

Protocol2: The precise, step-by-step description of a test method, including a listing of all 2575 

necessary reagents, criteria and procedures for evaluation of the test data.  2576 

Pyrogen: A substance that causes a rise in body temperature above normal or that produces 2577 

a fever. Gram-negative, Gram-positive, and acid-fast bacteria, molds, viruses, and yeast and 2578 

some of their cellular constituents are pyrogenic.  2579 

Quality assurance2: A management process by which adherence to laboratory testing 2580 

standards, requirements, and record keeping procedures is assessed independently by 2581 

individuals other than those performing the testing. 2582 

Rabbit Pyrogen Test (RPT)3: A test designed to limit to an acceptable level the risks of 2583 

febrile reaction in the patient to the administration, by injection, or the product concerned. 2584 
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The test involves measuring the rise in temperature of rabbits following the intravenous 2585 

injection of a test solution. 2586 

Reduction alternative2: A new or modified test method that reduces the number of animals 2587 

required. 2588 

Reference test method2: The accepted in vivo test method used for regulatory purposes to 2589 

evaluate the potential of a test substance to be hazardous to the species of interest. 2590 

Refinement alternative2: A new or modified test method that refines procedures to lessen 2591 

or eliminate pain or distress in animals or enhances animal well-being. 2592 

Relevance2: The extent to which a test method correctly predicts or measures the biological 2593 

effect of interest in humans or another species of interest. Relevance incorporates 2594 

consideration of the “accuracy” or “concordance” of a test method. 2595 

Reliability2: A measure of the degree to which a test method can be performed reproducibly 2596 

within and among laboratories over time. It is assessed by calculating intra- and 2597 

interlaboratory reproducibility and intralaboratory repeatability. 2598 

Replacement alternative2: A new or modified test method that replaces animals with non-2599 

animal systems or one animal species with a phylogenetically lower one (e.g., a mammal with 2600 

an invertebrate). 2601 

Reproducibility2: The consistency of individual test results obtained in a single laboratory 2602 

(intralaboratory reproducibility) or in different laboratories (interlaboratory reproducibility) 2603 

using the same protocol and test substances (see intra- and interlaboratory reproducibility). 2604 

Sensitivity2: The proportion of all positive substances that are classified correctly as 2605 

positive in a test method. It is a measure of test method accuracy (see “two-by-two” table). 2606 

Specificity2: The proportion of all negative substances that are classified correctly as 2607 

negative in a test method. It is a measure of test method accuracy (see “two-by-two” table). 2608 

Test2: The experimental system used; used interchangeably with “test method” and “assay.” 2609 
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Test method2: A process or procedure used to obtain information on the characteristics of a 2610 

substance or agent. Toxicological test methods generate information regarding the ability of a 2611 

substance or agent to produce a specified biological effect under specified conditions. Used 2612 

interchangeably with “test” and “assay." See also “validated test method” and “reference 2613 

test." 2614 

Test method component: Structural, functional, and procedural elements of a test method 2615 

that are used to develop the test method protocol. These components include unique 2616 

characteristics of the test method, critical procedural details, and quality control measures.  2617 

Threshold pyrogen dose: The dose level at which a product is considered to be pyrogenic or 2618 

non-pyrogenic. It is one of the variables (K) used to calculate the Endotoxin Limit 2619 

Concentration (ELC) defined as K/M, where M is the rabbit pyrogen test dose or the 2620 

maximum human dose administered in 1 hr (whichever is larger). 2621 

• The threshold pyrogen dose for non-intrathecal use in rabbits and humans is 2622 

5.0 EU/kg 2623 

• The threshold pyrogen dose for intrathecal use in rabbits and humans is 0.2 2624 

EU/kg 2625 

Tiered testing: A testing strategy where all existing information on a test substance is 2626 

reviewed, in a specified order, prior to in vivo testing. If the irritancy potential of a test 2627 

substance can be assigned, based on the existing information, no additional testing is 2628 

required. If the irritancy potential of a test substance cannot be assigned, based on the 2629 

existing information, a step-wise animal testing procedure is performed until an unequivocal 2630 

classification can be made. 2631 

Transferability2: The ability of a test method or procedure to be accurately and reliably 2632 

performed in different, competent laboratories. 2633 

Two-by-two table2: The two-by-two table can be used for calculating accuracy (concordance) 2634 

([a+d]/[a+b+c+d]), negative predictivity (d/[c+d]), positive predictivity (a/[a+b]), prevalence 2635 

([a+c]/[a+b+c+d]), sensitivity (a/[a+c]), specificity (d/[b+d]), false positive rate (b/[b+d]), 2636 

and false negative rate (c/[a+c]). 2637 
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  NEW TEST OUTCOME 

  Positive Negative Total 
Positive a c a + c 
Negative b d b + d 

Reference Test 
Outcome 

Total a + b c + d a + b + c + d 
 2638 

Validated test method2: An accepted test method for which validation studies have been 2639 

completed to determine the relevance and reliability of this method for a specific proposed 2640 

use. 2641 

Validation2: The process by which the reliability and relevance of a procedure are 2642 

established for a specific purpose. 2643 

Weight of evidence (process): The strengths and weaknesses of a collection of information 2644 

are used as the basis for a conclusion that may not be evident from the individual data.  2645 
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